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INFRA-RED ABSORPTION SPECTRA, IL. 
LIQUIDS AND SOLIDs. 
By W. W, CoBLENTz. 


N the complete account of this work a chapter is devoted to a de- 
| tailed discussion of each compound studied. In this paper it 
will be impossible to include more than a brief outline of the more 
important relations found. For the substances mentioned here the 
principal results are put in convenient form for reference in Figs. 7, 
10 and 11. The lines in these plots represent, in height and in 
position, the principle absorption bands of some of the compounds 
studied. 

In general the transmission spectrum of each compound shows 
some interesting property which cannot be correlated with that of a 
different compound. For example, Friedel,’ using Tyndall’s method 
of total absorption, found that methyl and ethyl iodide are far more 
transparent than nitrogen compounds. It will be noticed, Fig. 10, 
that these iodides have large absorption bands in the region of lor 
where the radiation from a black body is very weak. They are quite 
transparent in the region of 2% where the black body radiation is 
strong. Consequently, in measuring their total transmission, the 
great transparency found by Friedel is not due to the /ack of absorp- 
tion bands but to the fact that the absorption bands lie beyond the 
region of the black body radiation. A more conspicuous example 
of the reverse effect was found by Drew’ in his work on vacuum tube 


' Friedel, Ann. der Phys., 55, p. 453, 1895. 
2Drew, Puys. REv., Vol. XVII., p. 321, 1903. 
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radiation. He used acell of CS, as an absorbing medium, and found 
it as opaque as water. This is due to the fact that nearly all of the 
radiation from the tube is concentrated in a strong emission band at 
4.75 #4, which coincides with a strong absorption band of CS, at 4.7 y. 
Benzonitrile, C,H,CN, is an excellent example of a compound 
having no strong absorption bands until we arrive at 13.25 4. This 
is also the only compound studied which has a series of sa//, narrow, 
absorption bands extending throughout the spectrum [ Fig. Io. | 
Eucalyptol, C,,H,.O, is the only compound studied which has a 
large band of general absorption, extending from 7 sto 14 4, beyond 
which point the substance becomes more transparent the farther one 
penetrates the infra-red —to 15 yz. 


tL. 


‘ 


THE SPECTRUM FROM .8 # TO 2.7 


vw 


Puccianti,’ using a quartz prism and a radiometer, explored the 
transmission spectra of sixteen liquid compounds. His curves show 
that all compounds, the molecules of which contain carbon com- 
bined directly with hydrogen, present a maximum absorption at 
1.71 4, while all the benzene derivatives have two other maxima in 
common at 2.18% and 2.49 y. The three alcohols examined by 
him have a band in common at 2.05 u. 

The results obtained by him seemed so unusual that a continua- 
tion of the work was deemed necessary. Accordingly, eighteen 
new compounds were examined As a whole the results obtained 
are in excellent agreement with those of Puccianti. The band 
found by him at 1.71 4 was located at 1.68 » to 1.7 4, depending 
upon the compound. It was found in a// the carbohydrates studied. 
The slight shift does not appear to be due to shifting of the appa- 
ratus, and is to be found in the more complex compounds, just as is 
true farther in the infra-red. The 2.18 » and the 2.49 » bands of 
benzene derivatives are also sometimes slightly shifted in the com- 
plex derivatives like pinene, eucalyptol, and safrol. As a whole 
the curves form an interesting study by themselves. 

GENERAL DISCUSSION OF THE SPECTRA. 

Since the object of this investigation was to determine the effect 

of molecular weight, of chemical structure, etc., upon the absorp- 


1 Puccianti, Nuovo Cimento, II., p. 241, 1900. 
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tion of heat waves, it will simplify matters to discuss each of these 
topics separately. 

A few transmission curves are included to give the reader an 
idea of their general appearance. 

Effect of Structure. —In order to learn what effect a group of 
atoms in a molecule has upon infra-red absorption spectra, the most 
logical procedure is to study isomeric compounds in order to deter- 
mine fully that the phenomenon is intramolecular, and after that 
attempt to locate the particular group of atoms suspected of causing 
the disturbance. In many cases the spectra of isomers is very simi- 
lar until we extend our observations far into the infra-red. The 
total number studied is so large and varied, however, while the 
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Fig. 5. Methyl Sulphocyanate, CH,-SCN; Curve 4, Methyl Mustard Oil, CH,.NCS; 


f .OI mm. 


change in the spectra of a pair of isomers is so marked, that there 
can be no question that this is due to structure rather than impuri- 
ties. In aniline, C,H,NH,, and its isomer, picoline, C,H,N(CH,), 
Fig. 7, the effect of structure is very marked. The benzene band 
at 3.25 4, found in aniline, is entirely obliterated by the one at 3.35 
in picoline, while in the spectrum of picoline only one band, at 10 yp, 
is in common with that of aniline. In the sulphocyanites, R-SCN, 
and the mustard oils, R-NCS, the effect of structure is still more pro- 
nounced. The small band of the sulphocyanates at 4.68 » is com- 
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pletely outclassed by the 4.78 » band in the mustard oils, Fig. 5. 
As the band occurring from 3 to 3.4 » is a characteristic of carbo- 
hydrates so is this band a characteristic of the mustard oils. Of 
all compounds studied, the mustard oils are unique in having an 
enormous absorption band in the region of shorter wave-lengths, 
this side of 5 4. In CS, the first strong band occurs at about 6.7 p, 
in methyl iodide at 11.35 #4, and in carbon tetrachloride at 13 y. 


| 
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Fig. 6. Phenyl Mustard Oil, C;H,NCS; ¢=.01 mm. 


In allyl mustard oil, C,H,NCS, using the large spectrometer, this 
band was found to be complex, being opaque from 4.5 # to 4.9 p», 
with the maximum located at about 4.8 4. Phenyl mustard oil, 
C.H,NCS, Fig. 6, is still more interesting since it contains the 3.25 
band as well as several others belonging to benzene and has, in 
addition, this strong band of the mustard oils, located at 4.8 4, just 
as though the CH and the CS ion were vibrating side by side but 
independently of each other. 

Other isomers like pinene and limonene, C,,H,,, have a great 
similarity until we arrive at 10 4, while the caproic acids, Fig. 7, are 
identical to 6 » and begin to show dissimilarity at 8 4. Probably the 
most evident example of the influence of structure is in the aliphatic 
or chain linked compounds, like octane, and the carbocyclic, or ring 
compounds, like benzene. If we consider simply the number of 
atoms in the molecule then the benzene series, C,H, ,, can be 
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classed with the chain series, C,H,,, C,H,,_,, C,H,,... Hence, 
reasoning from the fact that, in the three groups of chains compounds 
studied, all the conspicuous bands occur in common, one would, 
expect at least a few of the bands to occur in the benzene, a 
series. But no such coincidence occurs ; and only after the substi- 
tution of CH, groups for H atoms in benzene do we find bands, e. g., 
3-43 #, in common with those of the chain compounds. If, then, 
we had no knowledge of organic chemistry, the evidence presented 
here would be sufficient to conclude that we are dealing with two 


distinct classes of compounds. 
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Fig. 7. Isomeric compounds illustrating effect of structure upon absorption. Height of lines 
indicates depth of bands. 


Thymol and carvacrol, Fig. 7, methyl ether and ethy] alcohol, 
eucalyptol and terpineol, and the three isomeric xylenes are addi- 
tional examples showing very clearly the marked influence of the 
arrangement of the chemical atom in the molecule upon the result- 
ing absorption spectrum. In the xylenes the bands occur in groups ; 
while the location of the maximum of each group seems to occur 











42 W. W. COBLENTZ. [ VoL. XX. 


ios) 


in the order para, meta, ortho, with increase in wave-length, Fig. 10. 
In thymol and carvacrol the change in the spectra begins to manifest 
itself at 5 # and 6 # while from 9 # to 14 » the spectrum is entirely 
rearranged. In methyl ether and ethyl alcohol we have the most 
marked change in the location of the absorption bands, which is 
noticeable throughout the whole spectrum. 

As a whole, the present investigation substantiates the con- 
clusions of Julius (/oc. ct.) of the influence of structure upon ab- 
sorption spectra. 

Effect of Molecular Weight. —In the present work the results 
agree with that of Kriiss,' in so far as it seems permissible to assume 
that the occurrence of a certain conspicuous absorption band ina 
different place is a real shift. The benzene derivatives are the most 
noticeable example. In benzene, C,H,, the maximum occurs at 
3.25 # and is shifted to 3.3 4 in toluene, C,H,CH,, to 3.38 y» in the 
xylenes, C,H,(CH,),, and to 3.4 in mesitylene, C,H,(CH,), [ Fig. 
10]. Inother words by substituting three CH, groups for an H atom 
we have shifted the maximum from 3.25 # to 3.4 4. Of all the com- 
pounds studied, excepting the gases, this is the only example where 
such a supposed shifting occurs. For a shift toward the shorter 
wave-lengths, certain derivatives of benzene containing nitrogen are 
the most conspicuous, just as found by Kriiss. In aniline, C,H,N- 
H,, we find the benzene band almost obliterated and the minimum 
shifted to 2.97 yw, just as in ammonia, while in picoline we have the 
ammonia band at 2.92 » and a second band at 3.35. Itis to be 
noticed that in the xylenes and pyridine the benzene band at 3.25 
has not been entirely obliterated, just as though there were two 
resonating ions, benzene and CH.,, vibrating side by side. This is 
more evident in xylidine and the mustard oils. 

In xylidine, C,H,(CH,),NH,, Fig. 10, which has an NH, group and 
two CH, groups, we have the respective bands found in ammonia, at 
2.95 #, and in compounds predominating in CH, groups at 3.43 yz. 
The structural formula of aniline indicates that in the original ben- 
zene ring an H atom has been replaced by an NH, group, while in 
picoline we have the double benzene ring containing an N atom 
and a CH, group. The absorption spectra support this theory for 


1 Kriiss, Zeit. f. Phys. Chem., 2, 312, 1888. 
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in the aniline spectrum we have the original benzene band at 3.25 4 
and the NH, band found in ammonia, xylidine, etc., while in picoline 
we have the benzene band obliterated and the CH, band substi- 
tuted. The latter band occurs at 3.35 4, the mean of 3.25 # and 
3.43 4 instead of 3.43 4. Can we say then that there is a real 
shifting of the 3.38 » band inthe xylenes? It must be remembered 
that we are integrating through a complex band, which with ordi- 
nary dispersion cannot be resolved with a bolometer or a radiom- 
eter. Hence, when we find the maximum shifted to 3.3 ~ in 
anisol and to 3.4 in mesitylene, and find the separate bands in 
aniline, etc., it is a difficult matter to decide whether we have a true 
shifting, or whether we have simply determined the center of gravity 
of the several bands. An excellent example of this type is thymol, 
which melts at 44°. The solid film gave a deep band at 3.2 4. In 
the melted condition the film was more homogeneous, and two 
bands were found, at 2.92 w and 3.42 yu respectively, instead of the 
mean at 3.24. Other examples have been observed when the 
layer of liquid under examination was too thick. 

There are other bands farther out in the infra-red which shift 
back and forth just as noted above, but here the original benzene 
bands are more numerous. The most noticeable ones are those of 
the methy! sulphocyanate at 7.06 4 and 7.61 # which occur at 6.91 pz 
and 7.27 win ethyl sulphocynate. However, in all the benzene de- 
rivatives studied the occurrence of an apparently new band in the 
derivative does not always seem to be a zew band, but simply that 
the derivative has brought about a condition within the molecule 
such that the original resonating ion has a greater freedom. 

In gases there is a more definite shifting of the absorption band 


lying between 3 and 3.5 #, as shown in Table I. 


TABLE | 

Gases. Maxima. Maxima. 
Acetylene, Cyl I, sch bedd inmbibessands nbeintwniss seennebbeeerndins 3.08 uu 7.38 u 
SIN Sea sskn on duahaanamnberpiaben siasiasibeeinaiee duane 3.28 6.98 
Ethane, Ci, ..ccc0cse hacen besientiadiea hasnt Liaise akin scales 3.39 6.85 
Ee ils csdoncncisnentubisenrcisbsdsdekvascaweciaeaasacetieess 3.42 6.85 
Methyl ether, (CH,),0........ alesap eibiabianecbbeeidemnnits ei 3.45 6.88 
ENE Se DP ninctnanceswivesispednecasiassieciasaneanes 3.45 7.00 


Methane, CH,.......... saccades ctactslaai tidbit cecbamaatiain.: Senadibastinadimaaiel 3.31 7.70 
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In the region at 6.8 # to 7.0 » there is a similar shifting but there 
is less regularity in the positions of the bands. Angstrom! has 
shown that the occurrence of the CO, band at 4.28 # and the CO 
band at 4.59 v invalidates the assumption that the position of an 
absorption band depends upon molecular weight. Ransohoff’s? 
work shows that for the alcohols there is no shifting with increase 
in molecular weight. 

Within the experimental errors of observation Puccianti’s work 
for the region of 1.71 # shows no shifting of the maximum of an 
absorption band. 

In all my work of the different compounds like methyl] and ethyl 


iodide, -nitrate, -cyanide, -aniline, etc., no shifting could be detected. 
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Fig. 8. Octadecylene, C,.H., ; Tetracosylene, C 
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To make this test conclusive for the marked band at 3.43 » this 
region was examined for both compounds (methel and ethy]) before 
setting the spectrometer for another part of the spectrum. In this 
manner a slight shift noticed in methyl and ethyl iodide which had 
been examined on different dates, several months intervening, was 
found not to exist, showing an instrumental error. This method of 
testing a series of compounds at one region of the spectrum on the 
same day is the only way to be certain of slight differences in wave- 


1 Angstrém, loc. cit, 
2Ransohoff, Inaug. Diss., Berlin, 1896. 
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length. Through the generosity of Professor C. F. Mabery, who pre- 
sented me with twenty-five very pure distillates of petroleum belong- 
ing to the series C_H,, C.H,,_, and C,H, ,, a final test was applied 
to this perplexing question. The absorption spectra of two of these, 
octadecylene, C,,H,,, boiling point 118°-—120°, and tetracosylene, 
C,,H 


for which the large spectrometer was used. Curve a is C,.H,,. 


, Solid, boiling point 274°-276° (50 mm.), are given in Fig. 8, 

In these, as well as the intermediate ones, no shifting could be 
detected, although the greatest efforts were made to do so. This 
was not a little surprising for according to the measurements on the 
alcohols by Schonn' in the visible spectrum a shift for this greater 
number of CH, groups should have occurred. For, even if we 
assume that the shifting is least for the infra-red and increases as we 
approach the ultra-violet, unless the total shift, for this increase 
of 16 CH, groups (octane C,H,, = CH,(CH,),CH,, tetracosane 
C,,H,, = CH,(CH,),,CH,), is less than .o1 » it is safe to assume that 
no shifting occurred. At least, if there is a shifting, it is less than 
.O1 #t which is much smaller than one would anticipate from observa- 
tions in other regions of the spectrum. 

A shift of .o1 # at 3.43 » is 8” of arc on the spectrometer circle, 
and at 6.86 yw it is 12” of arc, so that it would have been impos- 
sible to escape detection — especially in the case of such deep, well 
defined bands as these. It is to be remembered that a separate ex- 
amination was made of the 3.43 # and the 6.86 » bands for C,.H,, 
and C,,H,,, using the large spectrometer [Fig. 8]. This was done 
to avoid the possibility of a shifting while examining the whole 
spectrum. Only seven spectrometer settings, at intervals of 1’, 
were made for each of these two bands. First, the zero of the 
instrument was determined by means of the sodium flame, then the 
3.43 # region was examined for C,.H,,, the examination being from 
right to left, say ; the C,,H,, was then examined going backwards, 
from /eft to right, and then from right to /eft, after which the zero 
was again tested by means of the sodium flame.: The 6.86 « band 
was examined in the same manner, but in neither case could a 
shifting of the band be detected, as will be noticed in the curves, 
Fig. 8. These two bands are so sharp that if a shifting of .o1 pu 


'Schinn, Ann. der Phys., 6, p. 267, 1879 
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had occurred it could have been detected. It is true that these 
bands vary by .o1 # for some of the other oils, but that is to be 
ascribed to errors in reading the curves as well as to the fact that 
the small spectrometer was used, and that in general it was not 
practicable to make the examinations in the manner just described. 
A shift of .o2 4 was easily observed in the bands of xylene and 
mesitylene at 3.4 yz. 

An interesting fact to be noticed in this connection is that a// the 
prominent lines found in the two oils just mentioned are present in 
all the petroleum oils studied, as well as in many other compounds, 
like myricyl alcohol, piperidine, etc. For a large dispersion the 
transparent region at 4 4 to 64% remains so for some oils, while in 
others numerous small bands were found [see Fig. 8]. 

The difference between the spectra of the oils (aliphatic series) 
and the benzene spectrum (carbocylic series) has been noticed under 
the question of structure. The benzene spectrum as well as that of 
its methyl derivatives is banded, ‘‘ channeled,”’ 2. ¢., the lines occur 
in groups just as Pauer' found in the ultra-violet [see Fig. 10]. He 
found the bands of the benzene spectrum, which extend from .267 
to .235 4, condensed and shifted toward the visible spectrum for 
toluene, the xylenes, aniline, etc., and considered it due to increase 
in molecular weight. If we consider the center of gravity of the 
benzene bands at about .245 yw and that of the methyl derivatives at 
about .267 » this shift amounts to .o2 4% while for analine it is 
about .05 yz. 

Asa whole there is no evidence of a real shifting of the maximum 
with increase in molecular weight, if we except the xylenes and the 
gases mentioned, for the region at 3.1 # to 3.5 4, which is not re- 
solved for most compounds. The condition is similar to that in 
Kayser and Runge’s work on the emission spectrum of the ele- 
ments, in which they observed that, for the alkali metals, the violet 
lines shifted toward the longer wave-lengths with increase in atomic 
weight; but they could not establish* this relation for all the 
elements. 

Effect of Temperature. — There is little to be said on this subject 

‘ Pauer, Ann. der Phys., 61, p. 363, 1897. 
2 Kayser’s Spectroscopie, II., p. 591. 
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for no effect due to rise of temperature of about 20° has been 
observed. As already mentioned, the absorption cell was between 
the spectrometer slit and the Nernst heater, with the double sheet 
iron asbestus shutter intervening. It was necessary to have the 
heater close to avoid loss of radiation. Consequently, in the course 
of a series of observations, lasting four hours, the cell would un- 
avoidably become warmer, due principally to the raising of the 
shutter in making observations. This was first noticed in thymol, 
melting point 44°, which in the course of examination as a solid 
film became a liquid. It is quite crystalline in a solid film, hence 


more opaque due to scattering of the rays, so that it became 


ig 
more transparent on melting. This is the only compound found 
to behave thus. 

It was an easy matter to repeat the observations on several sharp 
absorption bands, after finishing the exploration of the whole 
spectrum, to see whether the transparency remained the same as in 
the beginning ; and in xo case was there a change observable except- 
ing for the solid thymol just mentioned. 

This fact that the cell became warmer was utilized in exam- 
ining several compounds with low melting points, ¢. g., phenol 
and menthol, in their liquid state. It was only necessary to melt 
them before placing them upon the spectrometer arm, then keep 
the shutter raised longer than usual. This made possible the ex- 
amination of several solid compounds which would have been too 
opaque because of their scattering effect. 

The Effect of Certain Characteristic Groups of Atoms. — Hav- 
ing shown that infra-red absorption spectra depend upon the in- 
ternal structure of the molecule and that their maxima are not 
influenced by molecular weight (of the molecule as a whole, ¢. g., 
the petroleum distillates) the next step is to determine, if pos- 
sible, what groups of atoms, or ions, have the power of absorbing 
heat waves. This is of considerable importance since many re- 
corded phenomena have been credited to “the resonance’ of the 

' Marx, Potentialfall und Dissociation in Flammengasen, Drude’s Ann., 2, p. 795, 
1900 (also on Electromagnetic Resonance, Wied. Ann., 66, p. 600, 1898). After a 
lengthy discussion concludes that although it is a plausible assumption it has not been 


proven that electrolytic dissociation in a flame depends upon the effect of the electromag- 
netic resonance of the OH ion upon the infra-red radiation. 
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OH ion in the molecule.’ Aschkinass ' found the absorption bands 
of water at the wave-lengths 1.51 4, 3.06 # and 6.1 w. Although he 
says little about the sequence of the maxima subsequent writers 
have laid considerable stress upon it, as showing harmonics, 2. ¢., 
electromagnetic resonance. Marx’ in finding the dielectric constants 
of water for electrical waves finds a double harmonic relation for 
the electrical region. Ransohoff (/oc. cit.) studied six alcohols and 
found the bands harmonic at 1.71 » (3.0) and 3.43 y, although 
the alcohols were ‘chemically pure”’ that is a different question 
from the one of having them “ water free,’”’ which he does not con- 
sider, and the 3.0 # and 6.06 4% bands may be due to water. The 
higher alcohols, like glycerine, even if they could be freed from 


water are so hydroscopic that they are difficult to investigate. In 
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Fig. 9. Myricyl Alcohol, C,)H,,OH ; a = large spectrometer. 
the present work alcohols were not investigated because of their 
great opacity beyond 7 » as well as on account of the difficulty in 
freeing them from water. Only one alcohol was studied, viz., 
myricyl, C,,H,,OH, which is a solid obtained from beeswax [Fig. 
g|. Its maxima occur at 1.71 yp, 2.95 4, 3-43 4 and 5.8y. The 
water bands were found at 2.95 # and 6.0 so that if the alcohol 
bands are due to the OH group then one would expect the 5.8 

band to coincide with that of water, at 6.0 yp. 


1 Aschkinass, Ann. der Phys., 55, p. 401, 1895. 
2 Marx, /. ¢. 
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TABLE II. 


Compounds. Maxima. Remarks. 


Ns GI aicaisn nteeeteriae ieee enaaonenn 2.95 u Depth is 70 per cent. as found 
with larger spectrometer. 
Thymol )., H 


Re AOUE scicskiake ceocanes 2.92 
Carvacrol } 
Eugenol, C,,11,,0-O8. ....ccccccsccesse 2.89 
Methy] salicylate, CH,OOC-C,H,OH ra Depth 70 per cent., probably the 
mean of the 3.25 ~ and 2.95 u 
bands. 
Menthol, C,H OW...........0scssescese 3.0 50 per cent., comparison spec 
trum of H,O at 2.95. 
Pee, STEIN sn cosseesroivssnass inte 2.97 60 per cent. 
I Ba sccavncvennecusanessanccnss 2.92 30 per cent. 
Pyridine, lie ccaruieenaceesesansiantods 2.95 30 per cent. 
Picetine, CLE N(CH, )..00cesecccrsssess 2.92 Band shallow, 3 per cent. 
PONE, MiclRaES sjessacoes covesisncsce 3.00 30 per cent. 
ge re 2.97 70 per cent., very sharp 
Xylidine, C,H,(CH,),.NH,............ 2.95 50 per cent. 
PE, STAT PAEE Piscscsvecdscscssensonss 2.95 70 per cent. 
Eucalyptol ( ) steseeets eeeeeeees 2.90 30 per cent., oxide, does not 
< C,,H,,0 } contain an OH group. 
Terpineol ee 2.93 30 per cent. 


In Table II. it will be noticed that ammonia also has a band 
near that of water, and at a slightly less wave-length. Considerable 
time was spent in showing that it is not due to water vapor. The 
gas was fractionally liquefied and distilled and then placed in a gas 
pipette containing freshly heated calcium oxide over mercury, for 
eight days. At the end of this time the absorption band coincided 
exactly with the one previously found showing that the band is 
characteristic of ammonia. Furthermore, it will be noticed that the 
compounds containing the amido, NH,, group and certain ones con- 
taining nitrogen have a characteristic band in this region. These 
compounds were dried with potassium carbonate which would have 
removed traces of water. Other compounds like the aldehydes and 
fatty acids do not show this band. Commercial ethyl ether contains 
about 3 per cent. of water, but there is only a slight depression in 
the absorption curve at 2.95. .The fatty acids, ¢. g., caproic 
stearic, etc., are of interest, because they have no band at 2.95 pz. 
In electrolysis the alcohols are separated into ethyl and OH ions 
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while in the fatty acids instead of the OH ion we have simply an 
H ion. Hence, reasoning from this analogy one would not expect 
a band at 2.95 » for the fatty acids. In the other compounds hav- 
ing an OH group, ¢. g., eugenol, thymol, menthol and phenol, 
strong bands are to be found shifting from 2.87 4% to 3.0. They 
show zo bands at 6 4. Can we assume then that the bands at 2.9 


to 3.04% are due to OH? The evidence is not very favorable. 


eS : Serer 
o-Xylene, C,H,(CH;),. ..... E HEE 

323523 ae 
m-Xylene, C,H,(CH,), ...... esittee 


p- Xylene, C,H,(CH,),........ 


Mesitylene, C,H,(CH,)....... 


Pyridine, C, 


3enzonitrile, Cg,H,CN......... estsestis Hayes 2h 
Benzaldehyde, C,H,CHO..... 
Xylidine, C,H,(CH, ),-NH,..! 
Methyl iodide, CH,.........+. 
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Fig. 10. Illustrating the persistence of the benzene bands at 3.25 ~ and 6.75 in the spectra of 


its derivatives. 


Considering the bands of ammonia and of the compounds contain- 
ing NH,, or certain ones containing nitrogen, the coincidence ap- 
pears to be somewhat accidental. Farther in the infra-red we have 
numerous cases of the coincidence of absorption bands. 

As a whole the most definite conclusion we can draw, at présent, 
is that the alcohols have a characteristic band at about 2.95 y just 
as the band at 4.78 y is characteristic of the mustard oils. 

The CH, group of atoms is probably the most important to be 
considered but only a few cases can be noticed here. The most 


noticeable effect is in benzene derivatives [Fig. 10]. It was shown 
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under the discussion of the effect of structure that the benzene 
group, C,H,, although it appears as a series C_H, _, is entirely dif- 
ferent from the chain compounds like C,H,,_,, etc. But a substi- 
tution of several CH, groups completely absorbs the 3.25 4 benzene 
band, and the 3.43 band, characteristic of all compounds containing 
CH.,, takes its place. Whether the 3.25 / band has actually disap- 
peared is an open question. In mesitylene there is still a trace of 
the 6.75 ~ band of benzene, showing that the benzene “ion”’ has 
not been destroyed by the substitution of 3 CH, groups. In the 
xylenes the 6.75 yu band is least effected while the 3.25 » suffers the 
most and the whole strengthens the belief mentioned in the begin- 
ning that certain vibrating ions always seem to be present but that 
their effect in absorbing heat waves seems to depend upon their 
surroundings. Thus the effect of substituting an NH, group for an 
H atom, forming aniline, has the least effect on the benzene, 3.25 
band, while those from 6 to 7 4 have disappeared entirely. In 


benzaldehyde, C,H,CHO, the 3.25 ~ band is not seriously influ- 
enced by a more intense absorption band at 3.55 4, while in ben- 
zonitrile, C,H,CN, and in monobrombenzene, C,H,Br, the 6.25 y 
band suffers no change. 

As a whole, the substitution of a CH, or NH, group has a great 
effect on the resulting absorption spectrum. In the benzene deriva- 
tives these groups form new bands which occur beside the benzene 
bands, showing that the original benzene vibration has not been 
destroyed. Such examples as these would indicate that the new 
bands are due to the groups of atoms substituted. But how are we 
to establish this with certainty, especially when in the myricy] 
alcohol the evidence is contradictory for the direct effect of the 
OH group? 

Total Absorption.— This is not so well illustrated here as in the 
work of Friedel (/oc. cit.) and of Zsigmondy' who used the undis- 
persed radiation. The present work agrees with theirs in showing 
that compounds having sulphur and the halogens are more trans- 
parent than H, O,.OH or N which they have replaced. But mot 
all the nitrogen compounds are highly opaque, ¢. g., nitromethane. 
The present work illustrates best the question of the location of the 


' Zsigmondy, Ann. d. Phys., 57, p. 639, 1896. 
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regions of greatest absorption. Thus in pyridine and picoline a 
layer 0.16 mm. in thickness is almost opaque beyond 6 » while 
methyl cyanide is quite transparent. Methyl iodide is quite trans- 
parent, since its large absorption bands lie in the region where the 
radiation from a black body is very weak, while the 3.4 # band is 
shallow so that its great transparency, observed by Friedel, as com- 
pared with nitrogen compounds is apparently due to the lack of 
absorption bands in the region of intense radiation [Fig. 10]. Asa 
whole the work agrees with that of Friedel and of Zsigmondy in 
showing that the absorption of radiant heat depends upon the 
manner of the bonding of the atoms in the molecule, as well as upon 
the kind of compound in which the atoms of an element are united. 

Friedel and Zsigmondy (/oc. cit.) found that total absorption does 
not depend upon the size of the molecule. In the present instance 
we have noticed that the number and intensity of the absorption 
bands does not depend upon molecular weight, ¢. g., in the petro- 
leum distillates. In the present work on dextro-pinene and lzevo- 
pinene the maxima of the bands coincide, showing that the shape 
of the molecule has no influence on absorption spectra. 

Grouping Spectra,— Abney and Festing,' say their results in- 
dicate ‘“‘ without much doubt that the substances we have examined 
agree on the whole with that adopted by chemists.”’ In other 
words certain great groups of compounds have characteristic ab- 
sorption spectra. This is just what Hartley and Dobbie’ observed 
for the alkaloids, in which the ultra-violet absorption spectra vary 
only in minor details. 

These observations apply to the present work. For example, 
the terpene group of compounds has a series of bands which is com- 
mon to a// of the compounds belonging to this group. In the same 
manner the general trend of their absorption curves is similar. The 
petroleum distillates have all the principal bands in common, Fig. 11. 
The spectra of the fatty acids are conspicuous for the lack, but great 
depth, of their absorption bands, Fig. 7. Having observed that cer- 
tain groups of spectra are similar, one would naturally search for 


i Abney and Festing, Phil. Trans., 172, p. 887, 1882. 
2 Hartley and Dobbie, Phil. Trans., 77, p. 846. Also Dobbie and Lawder, Chem. 


Soc. Jour., 83 and 84, pp. 605 and 626, 1903. 
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certain characteristic absorption bands; and, reasoning from this 
standpoint, we may possibly be able to locate the group of atoms 
which causes the band. Thus, the 2.95 » band and the OH group 
of atoms are characteristic of alcohols, while the 4.78 4 band and the 
NCS radical are characteristic of the mustard oils. But this avails 
us little for a great many other facts, besides the group of atoms, 
serve as characteristics of these groups of compounds. 
Characteristics of the Spectra of Carbohydrates.—Puccianti (loc. 


Hydrocarbons : 


"4 
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Fig. 11. Petroleum distillates. 


cit.) found that in all cases where the carbon atom was joined di- 
rectly to the hydrogen atom in the molecule, the absorption spec- 
trum showed a band at 1.71 4. This has been verified in the present 
work, where the band was found oscillating between the values of 
1.68 « benzene to 1.74 » for caproic acid, for ethyl succinate, and for 
methyl acetate. From this point to 3 there are numerous small 
bands of minor importance. Somewhere between 3.1 “and 3.43 4 
a band is found for every carbohydrate studied, oscillating from 


3.25 4 in benzene to 3.43 » in the alcohols and compounds rich in 
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CH, groups. Inthe region extending from 4 4 to 5 » there is great 
transparency (except in the case of the mustard oils), and for the 
more complex compounds, e¢. g., the petroleum distillates, there are 
generally no lines even with the large dispersion used. Beyond 
5.54 the transmission curve decreases, often very abruptly, termi- 
nating in strong absorption bands, varying from 6.75 # in benzene, 
6.86 w in aliphatic compounds [ Fig. 10] to 7 win terpenes. Beyond 
this point the bands become stronger, while the transmission curve 
varies from great transparency to complete opacity. The region at 
124 is often lacking in absorption bands, and finally we come to a 
region of frequently great absorption, with bands occurring from 
13.64 to 14.24. Beyond this point it is difficult to penetrate, but 
all observations made indicate the existence of similar conditions as 
in the region investigated. 

In addition to the general characteristics of the spectra of carbo- 
hydrates it will be noticed, Fig. 6, that the characteristic bands of 
benzene derivatives are at 3.25 , 6.25 w, and 6.75 #; that of the ali- 
phatic compounds, ¢. g., the petroleum distillates, at 3.43 4, 6.86 », 
and 13.64 to 13.8; that of carbon tetrachloride at 13 4; that of 
compounds having N or NH,, at 2.95 #, and at 6.1 4 to 6.2 4; that 
of the fatty acids at 3.45 wand 5.86; that of the alcohols at 2.95 
and 3.43; and that of the mustard oils at 4.78 4, see Table III. 
The region of great transparency from 4s to 54 is also to be 
noticed since the larger dispersion failed to show the presence of 
strong lines [ Fig. 8]. 

Occurrence of Harmonics.—In discussing the, question of the 
presence of simple relations among the spectral lines in the optical 
region, Cornu’ shows that it is useless to search for harmonic 
overtones since the case is relatively rare. He adds that the law of 
vibration in whole numbers is applicable only to a particular form 
of sounding bodies of which the type is a cylindrical column, whose 
length is great in comparison to the cross-section. In any other 
type, except this special one, the relations between the vibration 
numbers of the successive tones is very complex. In Kayser’s 
Spectroscopy, it is remarked that such a search is delusive, and 
Griinwald’s mathematical spectrum analysis * is cited as an example 

'Cornu, Compt. Rend., 100, p. t181, 1885. 


2Griinwald, Wien. Ber., 96 to 1o1, 1887 to 1892. 
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in which all wave-lengths of the so-called compound spectrum of 
hydrogen can be converted into corresponding wave-lengths of the 
water vapor spectrum by multiplying by 0.5. Since then more 
exact measurements on these lines show that no such relations 
exist. 

Schuster ' speaks of the iron spectrum which has two lines which 
are in the ratio of 2 to 3, while hydrogen has lines in the ratios 
of 20:27:37. He demonstrates that in accordance with the 
theory of probability a certain number of coincidences between 
lines of two spectra might be expected to occur even if the spectra 
be quite unrelated. Furthermore, there appears to be a tendency 
for functions formed by two lines to cluster around harmonic 
ratios and ‘“‘most probably some law hitherto undiscovered exists 
which in special cases resolves itself into the law of harmonic 
ratios.’ Of course, as is well known now, the nearest approxima- 
tion to such a law is Balmer’s Law and the numerous other con- 
vergent series formulz used by Kayser and Runge, and by others, 
Nevertheless, in spite of these warnings, and fully realizing the dan- 
ger from lack of dispersion, experimental errors, etc., I venture to 
call attention to certain marked absorption bands which occur so 
frequently, in positions which so closely fulfill this relation, that it 
is necessary to examine more fully into the probable significance. 

Abney and Festing (/oc. cit.) found that compounds having 
CH, groups have a band at 0.74 » and another between .907 »# and 
.942 4, while benzene and CH, compounds have a band at .867 yp. 
Puccianti (/oc. cit.) found a band at 1.71 for all compounds in 
which the C atom is joined directly to the H atom in the molecule. 
Aschkinass (/oc. cit.) found the absorption bands of water at 1.51 y, 
3.06 # and 6.1 4, while Paschen (/oc. cit.) found them at from 
2.916 # to 3.024 4, and at 6.06 #, values which are closely har- 
monic. Ransohoff (/oc. cit.) found closely harmonic bands for 
alcohols at 1.71 # and 3.43 vw. 

In the present work, using a quartz prism, the first band occurs 
at from .83 4 to .86 y, while the second one oscillates between the 
values 1.66 » for thiophene to 1.73 # in ethyl succinate. The next 
disturbance is in the region of 3.4 4, the maximum being at 3.25 4 


/ 


‘Schuster, Proc, Roy. Soc., 31, p. 337, 1881. 
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for benzene, and 3.43 4 for compounds rich in CH, or CH, groups. 

The next region where there is a constant recurrence of bands is 
at 6.75 4 for benzene, and 6.86 » for other compounds rich in CH, 
or CH, groups. In discussing the sources of errors it is shown 
that the 6.86 » band is quite accurately known. 

Beyond 13.6 4 there is a band of frequent recurrence. In this 
region, however, it is difficult to locate the bands with great accuracy 
because of the weakness of the radiation. As a whole, however, 
the bands at 1.71 4, 3.43 4, 6.86 and 13.64 to 13.8 uw are closely 
harmonic, ¢. g., in the petroleum distillates and myricy] alcohol, Figs. 
g and 11, and taken with the .867 » band of Abney and Festing (.83 
to .86 # in present work) would seem to indicate a vibration about a 
fixed point (Schuster’s clustering). Even if in the future this 
relation should be found false, the constant recurrence of these 
bands, in so many compounds, cannot be without meaning. These 
bands are so sharp and symmetrical that it is difficult to con- 
ceive how with greater dispersion they can be resolved into lines 
which are very unsymmetrically placed about the present centers 
of gravity. 

In carbon tetrachloride, Fig. 10, and tetrachlor-ethylene it was 
found that this group of compounds is conspicuous for the absence 
of absorption bands except at 6.5 # and 13 4 (harmonics) where there 
are large bands, each of which is evidently complex. 

An explanation of the significance of these relations is not at- 
tempted and it will be sufficient to add that any such harmonic rela- 
tion would seem to indicate the resonance of a definite group of 
atoms, or ‘“‘ions,’’ to which these lines are solely due. But to attri- 
bute a given line to a certain group of chemical atoms is dangerous ; 
for it has already been shown in the case of the mustard oils that the 
manner of grouping of the atoms is not the only characteristic of this 
group of compounds. Thus, the physical properites of benzene and 
thiophene are so similar that these two compounds are readily con- 
founded,' yet their absorption spectra are entirely different. It 
might be added that in the gases, where one would naturally expect 
such harmonic relations, only acetylene at 3.7 # and 7.4 » and methyl 
ether at 3.45 ~ and 6.94 have bands satisfying this condition. 


1 Smith’s (Richter) Org. Chemie, Vol. 2, p. 47. 
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Whether this relation will ultimately be proved absolutely true, re- 
mains to be seen. To determine this question a very much larger 
dispersion will have to be employed than has yet been available. 
This means a far more sensitive recording apparatus than has yet 
been devised. 

In dismissing this question, it will be sufficient to add that after 
a year’s struggle with it, to prove or disprove it, the result has 
been a closer agreement in the values first obtained, especially for the 
bands at 3.43 and 6.86 yp, Fig. 8. The agreement is as close as one 
would expect from our present knowledge of the infra-red dispersion 
of rock-salt. It is quite possible that the 3.43 4, 6.86 wand 13.8 


”” 


bands belong to a slowly converging ‘spectral series,’ in which 
case there ought to be a discrepancy in the above harmonic at 13.8 y. 

Absorption of Solids in Solution. —In the ultra-violet Hartley and 
Dobbie (oc. ctz.) have studied the absorption spectra of solids dis- 
solved in water. They found that groups of chemically related 
compounds have similar absorption spectra. In the visible spectrum 
we also find absorption bands, especially when the solute is a 
colored substance. JIodine is an example of this type. But in the 
infra-red the writer found iodine transparent beyond 1.1 4. As far 
as is known to the writer, only one other substance, sulphur in CS,, 
has been examined far out in the infra-red. This was done by 
Julius (oc. cit.) who found that S had no appreciable effect upon 
the transparency of the CS.,. 

That a solid in solution should be transparent to infra-red radia- 
tion seemed doubtful. It would indicate a resonance of small par- 
ticles, in the optical region, as distinguished from the intra-molecular 
resonance of the solvent. 

After studying so many compounds it seemed imperative to con- 
sider this question more thoroughly. 

It was suspected that this transparency is simply due to the thin 
cell used, and to the slight solubility of the solids. For example, 
assuming that .05 gr. of iodine per c.c. are dissolved in CS,, using a 
cell .3 mm. thick, this would be sufficient to form a solid film only 
.03 mm. It seemed that the proper method of answering this 
question would be to select a solid having a strong absorption band 
in a region of the spectrum where the solvent has xo absorption 


bands. 
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DIPHENYL, C,,H,,. 

The curves of carbon tetrachloride, CCl,, showed no marked bands 
up to 6.54. Accordingly this liquid was selected for a solvent. 
The sample used with diphenyl showed the water band at 2.9 » and 
a second band at 4.54. A saturated diphenyl solution showed an 


additional large band at 3.25 » which 





100 % is the characteristic band of the ben- 


c— zene nucleus. This is of considerable 





interest since diphenyl, C,H,—C,H., 


éP 


- O/ 
%, 


is a double benzene ring. The curve, 


r | 1 ¢ Fig. 12, shows that solids in a solution 
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do absorb heat waves, and that the 
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as in the ultra-violet. 
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However, in the infra-red we have 


u solution can be studied in the infra-red 














no transparent solvents, as is true of 
- “ 5 & the ultra-violet. Water is the most 

Fig. 12. Curves: a@ CCL; 
6=sol. diphenyl, C,,H,,, in CCl, ; 
¢ = transmission through C,,H 





common solvent; but, of all substances 
_ examined, it is the most opaque to 
° infra-red radiation. Crystalline solids 
are not applicable because of their scattering effect, so that many 
solid compounds of interest on account of their structure cannot be 


studied because of the lack of a suitable solvent. 
NAPHTHALENE, C,,H,. 

Naphthalene was also examined at 3.25 4. Its solubility in CCl, 
is unusually great, e. g., the present solution contained .25 gr. per 
cubic centimeter of CCl, This is sufficient to make a homoge- 
neous solid film .28 mm. thick (sp. gr.= 1.15, cell = .6 mm.),. 

This compound is of considerable importance since its molecule 
is formed by the condensation of two benzene nuclei. As a result 


1 In my preliminary communication on Infra-red Absorption Spectra, Astrophys, Jour., 
XX., p. 215, 1904, it appeared to me that there might be a difference. 
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the cismical properties are quite different from that of benzene ; but 
its absorption spectrum, Fig. 13, shows the 3.25 » band of benzene, 
with which it is also comparable in general transmission. As a 
whole, for the region investigated, this compound shows that the 


vibration of the benzene nucleus has not been disturbed. 


AZOBENZENE, C,H, — N = N —C,H.,. 
This compound is also quite soluble in CCl, so that a saturated 
solution contained about .2 gr. per c.c. of the liquid. As with the 
preceding compounds the rock salt cell was .6 mm. thick. 


The curve d, Fig. 13, shows the 





3.25 4 benzene band, indicating that  o. 


the presence of the N atoms does not 





disturb the vibration of the benzene 


nucleus. This solution is far more 





opaque than the preceding, showing sit 


the effect of the introduction of the N 





atoms, just as in other compounds con- 


taining nitrogen. 





Moreover, this solution is of a red- 


dish-brown color, showing an absorp- 





tion band in the visible spectrum, as 





well as in the infra-red. This shows : 


that both are due to an intramolecular 

















disturbance and disapproves the idea 





of a resonance of small particles (of 2 8 « sB 
molar dimensions, as for example, Fig. 13. Curves: a—CCl,; 
Kosonogoff’s butterfly scales and 4= Napthalene, C,,H,, in COs 
: ; : ; ¢= transmission through C,H, ; 
Wood’s metal films) in the optical »— azobenzene in CCl. 
region, as distinguished from the in- 
tramolecular resonance in the infra-red. Of course, one might 
say that the infra-red band, e¢. g., the 3.25 4 band, is also a reso- 
nance effect. Possibly it is but the evidence of a resonance of small 
electrically charged particles, whose capacity and hence whose 
periods (like a condenser) depend upon their proximity to simi- 
larly charged particles (the closer the particles, the greater the 


capacity, hence, the slower the period and, hence, the farther is the 
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absorption band shifted toward the longer wave-lengths) is some- 


what contradictory in the infra-red. 


SUMMARY. 

The infra-red absorption spectra of organic compounds have been 
studied, the majority to 15 4, using a radiometer, two mirror spec- 
trometers and rock salt prism. Out of a total number of at least 
135 compounds examined with the rock salt prism, 131 have been 
recorded in this paper. They include solids, liquids, and gases. In 
addition to this, 1g compounds were examined to 2.7 4, using a 
quartz prism. 

The following are some of the results obtained : 

1. A study of isomeric compounds shows that the arrangement 
or bonding of the atoms in the molecule, z. ¢., its structure, has a 
great influence upon the resulting absorption spectrum, which agrees 
with Julius. 

This is of considerable significance, and is in marked contrast 
with stereomeric compounds, like dextro- and lzevo-pinine, which 
were found to have identical spectra, showing that the spacial ar- 
rangement of the atoms, 2. ¢., the configuration of the molecule, had 
no effect upon the resulting absorption spectrum. 

2. No shifting of the maxima with increase in molecular weight, 
“Kundt’s Law,” could be detected, except in the case of the band 
lying between 3.1 4 and 3.5 4, for gases. Instead of a shifting of 
the band in certain compounds there occurs a new band beside the 
original one when a methyl- or amido-group is substituted for a hy- 
drogen atom, the new band lying toward the longer wave-lengths 
when a methyl-group is substituted, and toward the shorter wave- 
lengths when the hydrogen atom is replaced by an amido-group. 
This disagrees with investigations of Kriiss in the optical region, 
where only the new band was observed. 

3. A rise in temperature of 20° had no effect upon the transpa- 
rency of the compound, nor upon the position of its maxima. 

The effect of replacing an H atom by certain groups of atoms like 
NH, and CH, is very marked, and usually shows new bands, e. g., 
2.96 uw and 3.434, in the resulting absorption spectrum. In the 
spectra of certain benzene derivatives, however, the bands of the 











No. 6.] INFRA-RED ABSORPTION SPECTRA. 301 


benzene spectrum are usually present, showing that the vibration of 
the benzene nucleus has not been destroyed, However, the writer 
does not consider this sufficient evidence to consider the new bands 
to be due to the groups of chemical atoms substituted. 

5. Total absorption is not influenced by the size of the molecule ; 
while compounds having sulphur or halogens are more transparent 
than those having H, O, OH or N which they have replaced, just 
as found by Friedal and by Zsigomandy. 

6. The spectra of groups of compounds are similar and are char- 
acteristic of the grouping adopted by chemists, as found by Abney 
and Festing, for the region of I yp. 

7. Carbohydrates have a characteristic spectrum, with absorption 
bands at .83 4 to .86 w, 1.67 4 to 1.72 ws, 3.25 # to 3.43 4, 6.75 wto 
6.86 w, and13.6 4to 144. The first large absorption band in car- 
bohydrates occurs in the region of 3.2 4, which is in general followed 
by a ¢ransparent region from 4 #to 5 4. The work of Puccianti, in 
which he found that all carbohydrates have an absorption band at 
1.71 # while benzene derivatives have two additional bands, at 
2.18 w and 2.49 » respectively, has been confirmed on 18 new com- 
pounds. The 1.7 # band deserves especial notice. 

8. In addition to the characteristic carbohydrate spectrum, cer- 
tain bands in it occur in positions which are close harmonics, the 
maximum wave-length of each succeeding band being twice the 
preceding. The question whether this is merely a coincidence or 
whether it is an exact relation is not fully determined. To decide 
this question a larger dispersion will be necessary, while the spec- 
trum will have to be explored to 27.6 # for the next harmonic. In 
the same manner more pairs of bands will have to be located in the 
ammonia spectrum in order to show that the constant difference of 
the wave numbers found is not merely a coincidence, hence, that 
there is a true spectral series present. 

8. The three isomeric xylenes have banded, ‘‘ channeled,” spectra 
in which the most important line, in each group, lies farthest toward 
the long wave-lengths, in the order: ortho, meta, para. In other 
words the ortho, in which the CH, groups are the (closest together 
in the benzene 1ing, has the ‘‘ head”’ of each group of bands lying 
farther toward the infra-red than are the heads of the corresponding 
bands of the meta- and para-compounds. 
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10. In many compounds numerous bands are in coincidence, 
which would no doubt be found in different positions, when using 
a larger dispersion. Other bands, like the one at 3.25 “in benzene, 
in benzaldehyde, and in pyridine, or the 3.43 # and 6.86» bands 
found in aliphatic compounds, seem to point to a specific group of 
atoms or to some ‘“‘ion”’ or “nucleus’’ common to them, as their 
source. 

The most marked example of this type is phenyl mustard oil in 
which the vibration characteristic of the mustard oils, at 4.78 p is 
superposed upon the vibration of the benzene “ nucleus” or ‘ion”’ 
which has its maxima at 3.25 4, 6.75 w etc. In some compounds 
there is evidence that certain bands, ¢. g., the 3.43 ~ band, are due 
to a definite group of atoms, e. g., the CH, groups in the chain 
compounds and terpenes ; in other compounds the evidence is just 
as strongly in favor of the manner of bonding of the atoms, ¢. ¢., 
the methylene hydrocarbons of the petroleum distillates; other 
compounds, ¢. g., benzene and its derivatives, especially phenyl] 
mustard oil, in which we have the characteristic vibration of the 
mustard oils superposed upon the vibration of the benzene nucleus, 
show that both the groups of atoms and their manner of bonding 
with other atoms, as well as the kind of atom, have a great influence 


upon the absorption curve. 


Tasce III. 
Compounds Having the Show Characteristic Absorption Bands at: 
Following Groups: 
CH, or CH, 3.43 6.86 13.6-13.8 and 14 u 
NH, 2.96 6.1 to 6.15 u 
Cr 3.25 u 6.75 8.68 9.8 11.8 12.95 
NO, 7.47? 9.08 
OH 2.95 
NCS 4.78 


In the present work the spectra have been discussed from the 
standpoint that, since compounds of the same chemical composition 
(isomers) have different spectra, the source of the disturbance is 
intramolecular. If we had assumed ignorance of the composition 
of the compounds, we would have expected, from our knowledge 
of the spectra of the elements, that each compound ought to have 
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a different spectrum. This has been found to hold true, except for 
certain lines in them. There would be no reason for deciding 
whether the cause is inter- or intra-molecular. The compounds 
might then be grouped according to the marked absorption bands 
which they have in common, ¢. g., those having a band in common 
at 3.25 4, at 3.43 # or at 4.78 4. One compound (phenyl mustard 
oil) would then be placed in the 3.25 ~ and in the 4.78 » group. 
Another (xylidine) would belong to the 2.95 4 group and to the 
3-43 4 group. This would then suggest a disturbance common to 
both groups, and we are brought to the point arrived at, by the 
other line of argument ; viz., there is a something, call it “ particle,” 
‘‘ group of atoms,” “ion,” or “nucleus,” in common with many of 
the compounds studied, which causes absorption bands, character- 
istic of the great groups of organic compounds, but we do not know 
what that ‘‘ something ’’ is. 

The presence of these groups of “ions,” each group having its 
own free period of vibration, is in accord with the present concep- 
tions of absorption and anomalous dispersion. To assign the cause 
of the absorption bands, given in Table III., to a particular group 
of chemical atoms rather than to a less definite, ultra-atomic, source, 
does not elucidate matters very much, although it is true that these 
bands do ot appear until these groups of atoms are introduced into 
the compound. 

This investigation has placed the writer under obligations to 
numerous persons, to all of whom he is very grateful for services 
rendered. In particular would he mention Professor E. L. Nichols 
and E. Merritt, of the Dept. of Physics ; Professors L. M. Dennis, 
W. R. Orndorff and Dr. J. R. Teeple, of the Dept. of Chemistry ; 
Professor A. C. Gill and H. Reis, of the Dept. of Geology, and 
Professor C. F. Mabery, Case School of Applied Science, who 
through advice or the loan of materials have furthered the work. 
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THE ELECTRIC ARC IN A VACUUM. 
By C. D. CHILD, 


“T “HE following is an account of experiments on the electric arc in 

a vacuum and in hydrogen, using different substances as elec- 
trodes. Itis a continuation of work previously described in the Puys- 
ICAL REviEw,' where a description of the apparatus may be found. 
As before, a mercury pump was used for exhausting the tube. A 
standard Weston voltmeter and a Whitney ammeter were used for 
measurements. A McLeod gauge was attached to the pump for 
measuring pressures less than I mm. 

Arc Between Graphite Terminals. — The first observations were 
made on the arc between graphite terminals. They were purchased 
of the Acheson International Graphite Company, and consisted of 
rods 12.5 mm. in diameter. The current was derived from a 1 10- 
volt dynamo, resistance being put in series with the arc. At atmos- 
pheric pressures the arc was quite irregular, but the average drop 
in potential at the anode and at the cathode appeared to be much 
the same as with carbon. The electric force through the arc, how- 
ever, was much greater. 

At lower pressures it was possible to make measurements, and 
these are given in Table I. Column 1 gives the pressure of the 
gas in millimeters of mercury ; column 2, the drop on the anode ; 
column 3, that at the cathode ; column 4, the total potential differ- 
ence about the arc. The length of the arc was approximately 2 
mm. The potential within the arc was determined by inserting in 
it a carbon pencil, or a platinum wire. For pressures greater than 
I mm. a carbon pencil was used; for less pressures the platinum 
wire. The exploring pencil was in each case placed as nearly as 
possible in the center of the arc. 

The most noteworthy fact here shown is the peculiar change 
which takes place when the pressure is lowered below 1 mm. The 


1Puys. REV., 19, 117. 
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TABLE I. 
mendén, | SI || Gees” «| Geceuen eee 
200 25 15 40 
80 22 16 38 
30 21 15 36 
10 20 14 34 
l 15 14 30 
8 7 13 20 
J 6 13.5 20 
.02 5 13 18 


drop at the anode becomes much smaller, so that it is less than 
that at the cathode. 

This, however, is not a constant condition. Even with the low- 
est pressure there would often be a sudden jump in the potential 
difference at the anode and a decrease in that at the cathode. This 
tendency was more noticeable at pressures of .7 or .8 mm. 

At pressures in the neighborhood of 1 mm. there are usually 
striations but with the lowest pressures none were observed. There 
was a bright spot on the cathode from which particles were driven 
off in straight lines so that it appeared as if the current was proceed- 
ing from that point. 

Occasionally there would appear a glow on some part of the 
anode, and whenever this appeared the drop in potential there rose 
from 5 volts to 15 or 20. In other words the glow at the anode 
and the large drop in potential are parts of the same phenomenon. 
Very much the same phenomenon was observed by Mills' when 
working with the mercury arc. 

It was found that the pressure at which the glow appeared de- 
pended to a slight extent upon the length of the arc. With a 
pressure of .7 mm. the electrodes must be as near as 2 mm. in order 
to cause the glow to disappear; at .35 mm. the length could be 5 
mm.; and at.1 mm. it could be 14 mm., or even more. It ap- 
peared to make no difference which electrode was above. 

At a pressure of .4 mm. the current was varied from 6 to 25 am- 
peres without producing any apparent effect on the potential differ- 


ence, 
1 PHYSICAL REVIEW, 19, 69. 
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As has been stated the current appeared to emanate from the 
bright spot on the cathode. It was, therefore, thought that if a 
piece of platinum was placed in the arc, some effect might be ob- 
served such as appears when an obstacle was placed in the path 
of cathode rays. A piece of platinum foil 2 mm. square was ac- 
cordingly placed in the arc, the plane of the foil being perpendicu- 
lar to the length of the arc. No shadows were cast, but it was 
found that when the platinum was in the arc the glow at the anode 
was much more apt to appear and the potential difference about the 
arc to be correspondingly increased. 

This was still more noticeable when the size of the foil was in- 
creased. Thus a piece of foil 8 mm. square was placed in the arc, 
when the pressure was .4 mm. Without the foil no glow appeared 
at the anode, but when it was inserted the glow always appeared. 
It apparently made little difference whether it was placed near to the 
anode, or to the cathode. The bright spot on the cathode ap- 
peared, in general, to move away from the foil, but often it did not 
do so, and at such times the foil would become red hot imme- 
diately in front of the bright spot. 

A hole 1.5 mm. in diameter was made in this larger piece of 
platinum. The glow still appeared and the space between the 
anode and the opening was generally brighter than the remaining 
space. When the foil was near to the anode the glow would ap- 
pear to extend through the opening toward the cathode, as if it was 
caused by ions driven off from the anode. 

The conductivity of the arc in the region near the anode was 
tested both with and without the glow. This was done by placing 
two platinum wires in the arc and connecting them to an E.M.F. of 
four volts and a galvanometer of seventy ohms resistance. The air 
was pumped out until the pressure was less than .4 mm., so that 
normally no glow appeared. It could then be produced when de- 
sired by inserting the platinum foil inthe arc. The current between 
the platinum wires varied continually from .o1 to .oo1 ampere, but in 
general it appeared to be less when the glow occurred at the anode, 
showing the conductivity was greater when there was no glow. 

The Arc in a Magnetic Field. — When a magnetic field was pro- 


duced about the arc at a pressure of .7 mm. or less, the gas in all 
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parts of the tube became more luminous than before, and a bright 
stream appeared to run from the arc along the lines of force toward 
the magnet. When an electro-magnet bent in the form of a nearly 
completed circle was placed about the arc, the luminous streams 
extended in both directions from the arc toward the ends of the 
magnet, and the part of the tube where the field was strongest was 
brighter than the remaining part. The luminous glow along the 
lines of force can probably be explained by the tendency of ions to 
follow magnetic lines of force.' 

There were other phenomena for which I know no explanation. 
For example when the magnetic field was produced there was a 
glow through the gas on the side toward which a wire would have 
been displaced, as if it was carrying a current in the same direction 
as that flowing through the arc. At the same time there was a glow 
about the anode on the opposite side from this. It is conceivable 
that the glow about the cathode was caused by positive ions which 
were deflected by the magnetic field, but it would not seem possi- 
ble that that about the anode was caused by negative ions, since 
both the positive and negative ions would be deflected in the oppo- 
site direction from this glow. 

Moreover, if the platinum foil was placed so that the glow ex- 
tended from the anode upward through the opening in the foil, and 
if the magnetic field was then produced about the arc, the glow 
above the foil became less distinct and at the same time moved in 
the same direction as that about the anode. 

It has been observed by Skinner * that the fall of potential at the 
anode with discharge in a vacuum depends on the kind of metal 
used as the anode. Aluminum was accordingly substituted for the 
graphite anode, but the fall of potential appeared to be the same as 
before. This, however, proved nothing since the aluminum became 
coated with a layer of carbon before any measurements could be 
taken. 

At pressures of about I mm. a very slight glow appeared on the 
cathode and also on any obstacles in the neighborhood of the 
cathode. It appeared as if blown by draughts of air coming from 


1 Thomson’s Conductivity of Electricity through Gases, p. 791. 
2 Wied. Ann., 68, 752. 
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the bright spot on the cathode, reminding one very much of drifting 
snow. 

The tube became coated after a time with carbon, so that it was 
impossible to see the gaseous part of the arc. 

When the graphite was first heated in a vacuum it gave out some 
gas, but after it had been heated and then the air pumped out sev- 
eral times, the vacuum improved on producing the arc. Thus at 
one time the pressure decreased from .4 mm. to less than .o1 mm. 
without any air being pumped out. Whether this was due to some 
chemical action taking place or to some other cause is not known. 

Arc between Carbons in a Vacuum.— The are between carbons 
has already been investigated, but after observing the phenomena 
with graphite it seemed well to secure lower pressures than those 
previously used. It is more difficult to do this with carbon than 
with graphite but one as low as .1 mm. was secured. At this 
pressure the potential difference about the arc was continually 
varying, so that it was impossible to make accurate measurements. 
The voltage would gradually increase from 20 to 30 or 35 volts 
and would then suddenly decrease to less than 20. With this 
gradual increase in voltage the gas in the tube became more and 
more luminous, becoming suddenly less luminous when the voltage 
dropped to the lower value. This tendency to fluctuate became 
more noticeable as the pressure of the gas was diminished. 

With the fluctuation of the total voltage about the arc there were 
corresponding changes in the drop at the anode and at the cathode. 
In each case the drop increased as the tube became more luminous. 
This drop was measured by inserting a platinum wire in the arc. 
As nearly as one could judge the average drop at the anode was 8 
volts, that at the cathode 10 volts and the total drop was 18 volts. 

Arc between Copper Terminals. — The next experiments were per- 
formed with copper. The copper terminals were rods 12 mm. in 
diameter and 5 cm. long. There are given in Table II. the data 
for pressures varying from 30 mm. to 2mm. Column I gives the 
pressures ; column 2, the drop at the anode ; column 3, that at the 
cathode; and column 4, the total potential difference about the arc. 
The conditions were the same in this experiment as with graphite. 

With lower pressures the arc could not be maintained. 
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TaBLe II. 

Drop in Potential Drop in Potential at Potential Difference 

Prossuce of Gas. at Anode. Cathode. between Electrodes. 
30 20 12 32 
10 20 ll 31 
4 18 ll 29 
2 10 10 20 

Arc between Tron Terminals. — With iron in a vacuum the phe- 


nomena were much the same as with copper. The fluctuation in 
the drop at the anode began at a higher pressure than with copper. 
On the cathode were many bright spots instead of one as with 
graphite, and there was a continual rose-like glow at the anode. 
There were no striations when using a 110-volt circuit. 

When using a 300-volt circuit, the total drop about the arc was 
as much as 150 volts at a pressure of 2 mm., and there were many 
striations. It was not often possible to maintain the arc between either 
iron or copper at these low pressures long enough to heat them toa 
red heat. A deposit was quickly formed on the tube with the 
metals, so that after the arc had been running a few seconds, it was 
impossible to see what was happening in the gaseous part of the arc. 
After removing the metals any oxide on their surface was found to 
be reduced, the copper having the usual color of clean copper and 
the iron being white, appearing much like tin. 

A little air was let into the tube and it was again exhausted, and 
it was found to be more difficult to maintain the arc at a pressure of 
about 2 mm. than before. 

It has already been pointed out by Stark that an oxide on the 
metal causes an arc to pass with greater ease." This, no doubt, is 
the cause of some of these phenomena. When the air is first 
pumped out the arc can be maintained without great difficulty, but 
after the oxide on the surface of the metal is reduced this can not 
be done, so that measurements on the arc between metals in a 
vacuum are of little value, so long as the surface of the metal and 


the constitution of the surrounding gas are varying. The behavior 


( 
of the arc with the metals and with graphite are thus seen to be 


radically different. 
i Physik. Zeit., §, 81 








370 C. D. CHILD. [VoL. XX 

Arc between Graphite and Various Metals.— A series of experi- 
ments was also tried using graphite as one of the terminals and for 
the other one of the following metals — platinum, iron, nickel, 
copper, silver, aluminum, antimony, zinc, lead, cadmium, bismuth 
and tin. 

It was found that in all of these cases when the graphite was 
negative the behavior of the arc was much the same as when both 
terminals were graphite. In other words, with a pressure of less 
than 1 mm. the character of the anode has little or no effect on the 
arc. On the other hand at this pressure the character of the cathode 
had a very great effect on the arc. When the graphite was posi- 
tive it was very difficult to secure an arc with some of these metals 
and very easy with others. Thus on a 100-volt circuit it was im- 
possible to maintain an arc with platinum, iron, silver, copper or 
nickel, and very easy with the other metals in the above list. 

The first experiments were with iron for one of the electrodes, 
using the same piece of iron that had been used in the preceding 
experiments, and as stated it was not possible to maintain an arc 
with this as cathode. The same statement may be made concerning 
copper. 

An arc was then produced between graphite and platinum. It 
was more difficult to secure a vacuum in this case, since the plati- 
num on heating gave off much gas. The platinum was I mm. in 
diameter. It was also impossible to use large currents, since the 
platinum was then melted, but the phenomena were practically the 
same as with iron. <A platinum bead weighing 1.3 g. was placed in 
a depression that had been drilled inan iron rod. This was used as 
the lower terminal with the same result as before. If, however, the 
platinum was brought to red heat by being made the anode, it 
could then be used as the cathode and the arc maintained for sev- 
eral seconds. As long as the arc was thus maintained there were 
many bright points on the platinum. The platinum was apparently 
vaporized and sparks were driven off from it, so that it lost much 
in weight. 

Other metals were then used and since some of these melted 
very easily, they were placed in the depression in the iron rod. 
Since no arc can be formed in a vacuum when using iron as the 
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cathode, it seemed safe to use this to hold the various metals, and 
it was found that whenever the arc could be maintained in a vacuum, 
the negative end always rested on the metal in the cup, and not on 
the iron. After using any metal all parts of the tube were care- 
fully cleaned, before using a different one. 

In this way it was found that an arc could not be maintained on 
a 100-volt circuit with a pressure of less than 1 mm. when using 
nickel or silver for the cathode. When using aluminum as cathode 
it was possible to maintain an arc, if the aluminum was first heated 
by being made the anode for a brief time. Otherwise it could not 
be so used. Metals having a lower melting point could be used as 
the cathode. 

In Table III. the data are given concerning the metals. Column 
I gives the name of the metal ; column 2, the drop in potential at 
the metal when used as the cathode. When no number is given in 
this column it signifies that no arc could be maintained when using 
the metal as the cathode. Column 3 gives the melting point of the 
metal as given in Everett’s C.G.S. System of Units. The current 
used was 10 amperes, the E.M.F. of the circuit was 100 volts, and 
the distance between the electrodes 2 mm. 


TaBLe III. 
Drop in Drop in 
Metal. Potential at Melting Point. Metal. Potential at Melting Point. 

Cathode. Cathode. 
Platinum ...... 1775° Antimony... 8 432° 
BD catceshicnte 1600 BE sk icescens G 412 
PRICE cccccec 1450  Seeens 8 326 
CORPO ...0:20000 1054 Cadmium..... 7 315 
ES. oncconene 954 Bismuth...... 6 260 
Aluminum .... 19 600 ; See ae 8 230 


In all of these cases the total fall in potential about the arc was 
approximately six volts more than that at the cathode. 

To this list may be added sodium, potassium and mercury. 
Weintraub ' gives the sum of the drops in potential at the cathode 
and anode for these to be 8, 8 and 7.5 respectively, while their melting 
points are — + 96, +62 and —4o. In general the higher the melt- 
ing point the greater the drop in potential at the cathode necessary 


1 Phil. Mag. (6), 7, 114. 
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to maintain an arc. The principal exception to this rule was in the 
case of tin, but the thermal conductivity of the tin is greater than 
that of the other metals, and it is quite probable that on this account 
it requires a greater development of energy to keep it in a melted 
condition. If this is correct, the drop in potential at the cathode 
is a function both of the melting point and of the thermal conduc- 
tivity of the metal. 

Measurements of the total fall of potential with these metals 
were made as the pressure of the gas was increased by drawing air 
into the tube. It was found that with higher pressures all of these 
metals could be used as the cathode. It was also found that in 
all cases the fall in potential about the arc was increased as the pres- 
sure of the gas was increased. The series of readings for these 
potential differences when lead was used as the cathode is given 
in Table IV. The readings taken with the other metals were quite 
similar to this one. 


TABLE IV. 
Pressure of Gas. on Pressure of Gas. o- - + “a 
4 14 200 22 
2 15 400 30 
6 16 550 30 
20 17 730 32 
60 19 


At the higher pressures the potential differences fluctuated very 
much so that the last three readings were of little value. 

There was no sudden change in the potential difference found 
here as there had been with graphite at .8 mm. At pressures of 
about I mm. there was a glow seen at the anode similar to that 
with graphite, and some fluctuation of the drop at the anode, but 
this was not at all as great as with graphite. 

Arc between Graphite Terminals ts Hydrogen.— There is given in 
Table V. a series of readings with graphite terminals in hydrogen. 
The conditions are the same as with the other experiments and the 
readings are arranged as in the first table. 

It was difficult to take these readings because there is a large 
amount of heat developed in the arc in hydrogen, so that the tube 
was very liable to break. Asa result they were often taken hurriedly 
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TABLE V. 
Pressure of Gas. Drop in Potential Drop in Potential Potential Difference 
at Anode. at Cathode. Between Electrodes. 
700 57 65 130 
550 45 60 100 
400 45 40 85 
250 40 40 80 
150 40 35 75 
100 45 30 75 
50 45 30 75 
20 40 25 65 
6 32 22 54 


before the arc had become quiescent. Several sets of observations, 
however, were taken and there was no question but that the drop 
at the cathode was greater than that at the anode with a pressure of 
700 mm. and that it became smaller than that at the anode at lower 
pressures. At pressures lower than those given in the table the 
measurements were the same as with corresponding pressures of air. 

At a pressure of approximately 10 mm. there were three different 
forms of the arc. If 500 volts were applied when the terminals 
were cooled below red heat, but were still warm, a faint glow would 
appear about both electrodes even when they had not been brought 
into contact. The gas between the electrodes would not be lumi- 
nous and the current was less than 1 ampere and the voltage high. 

If the terminals were still red hot when the voltage was applied, 
a second form of the arc was apt to appear. This consisted of 
brilliant striations. The voltage here was smaller and the current 
larger. Finally when the terminals were placed in contact an arc 
was formed which appeared the same as an arc formed in the air. 
This last is the form which was used in taking the data given in 
Table V. These same forms appear again when making the obser- 
vations on the arc with carbon terminals in hydrogen. 

The first two forms of the arc were quite unstable and were liable 
to break down into the third form. Apparently they required com- 
paratively low temperature of the electrodes and of the gas. It is 
noticeable that the arc with striations appeared at higher pressures 
when using hydrogen than when using air. Ata pressure of 10 
mm. the voltage was independent of the current. 
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Cored Carbons in Hydrogen. — There are given in Table VI. the 
data with the arc between cored carbons in hydrogen. 


TABLE VI. 
ott. | Se” | “aa” | See temese. 
700 85 15 105 
400 80 15 95 
150 55 30 85 
100 45 30 75 
15 35 20 55 


As has been stated three different forms of the arc were observed 
when using graphite terminals in small pressures of hydrogen. With 
cored carbon there was besides these a fourth form. If the pressure 
was approximately 20 mm. and 500 volts were switched on to the 
terminals while they were still hot, an arc could be formed without 
bringing the terminals into contact. At times this would have a 
peculiar ball-shaped form with striations in spherical layers. The 
voltage with this was usually greater than 150 volts and at times 
more than 300 volts. This was very apt to go into the second 
form described above with transverse striations and having a current 
of 2 or 3 amperes. At pressures of 15 mm. the arc would form 
without contact even when the electrodes were no longer hot. 

Arc Between Tron Terminals in Hydrogen.—The arc was then 
tried between iron terminals in hydrogen, but there was very great 
irregularity. With a pressure of 700 mm. one reading was taken 
giving the drop at the anode as 50 volts and that at the cathode as 
70 and the total as 140. This was with a current of 10 amperes 
and a length of 4 mm. but it was evident that inserting the carbon 
in the arc changed its character to a large degree. 

At lower pressures the total potential difference was somewhat 
smaller but the ends of the arc were continually moving from one 
place to another on the electrode, and the reading of the voltmeter 
continually showed large variations. It was evident that no meas- 
urements would be of value until all oxide was removed from the 
electrodes, and it is necessary to postpone this work for the present. 

Arc with Alternating Currents. — An attempt was made to form 
an arc with an alternating E.M.F. of 220 volts between iron and 
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copper and graphite terminals, but with none of these substances 
was it possible to do so at any pressure, nor could an arc be formed 
when using graphite as one terminal and iron for the other. The 
result with the metals was to have been expected, but it seemed 
surprising that no alternating current could be obtained with 
graphite, since this in many ways behaves like carbon. 

Theoretical Considerations. — There are three points of theoretical 
interest in these experiments. First they show that the phenomena 
of the arc depend very largely on the character of the electrodes 
and of the gas in which the arc is formed. It is indeed already 
known that the arc is more or less influenced by such conditions, 
but that it could be so largely changed had not before been shown. 
It would thus appear probable that there are chemical reactions 
taking place in the are and that its behavior depends very largely 
on these reactions. This also had been indicated by the work of 
Stark ' on the effect of the oxide at the cathode, and by that of Mrs. 
Ayrton’ on the hissing arc. But the importance of considering 
the chemical reactions has been emphasized by these experiments. 

If this be so, then no explanation of the are which fails to con- 
sider the chemical reactions can be considered complete. Thus for 
example it has been suggested that the greater part of the current 
is carried by negative ions and that these are produced by the high 
temperature of the cathode. We find, however, that in a vacuum 
it is easy to maintain an arc with such substances as mercury and 
cadmium for the cathode, while it is impossible to maintain one with 
platinum, iron, or nickel for the cathode, and yet these latter sub- 
stances can be raised to higher temperatures than any in the first 
group. In fact all of the data for the assumption that the negative 
ions in the arc are produced by the high temperature of the cathode 
are drawn from experiments on platinum in a vacuum, and yet this 
is one of the substances which cannot be used for the cathode of 
the arc in avacuum. Apparently some other explanation than this 
is necessary to explain the negative end of the arc. 

A second point of interest is the relation shown between the 
melting point of a metal and its use as cathode. This point also is 


1 Phys. Zeit., 5, 81. 
2 The Electric Arc, 298. 
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not entirely new. It has been suggested that to have an arc it is 
necessary to have either chemical or physical change at the termi- 
nals. In the light of our present knowledge it is evident that it is 
not necessary to have any change at the anode, and the experiments 
of Weedon ' indicate that it is not even necessary that any change 
should occur at the cathode, for he found that with water-cooled 
copper terminals in hydrogen the amount of copper consumed 
was not more than 4 mg. for a current of .35 amperes running for 
1.5 hours. However, this form of the arc is very different from the 
common form and the cause of the ionization may be quite different 
in the two forms. 

Though we are not in a position to say whether chemical or 
physical changes are essential, we can say that they both aid in the 
production of the arc. We can easily see how chemical action can 
do this, since we know that such action is very generally accom- 
panied by ionization, but it is not known that ions are produced by 
fusing or boiling. It is, however, altogether possible that ions are 
more easily formed by impact or by any other means at the moment 
when physical change is taking place. 

An alternative explanation is-that ions are not produced in the 
metal itself, but in the layer close to the metal and that this layer 
may be kept at a high temperature more easily when ebullition is 
occurring. This may possibly be similar to the separation between 
a hot metal and a liquid, in the spheroidal state. Further experi- 
ments will be necessary to decide whether either of these, or whether 
some third explanation is correct. 

The third point of interest is the change which takes place at the 
anode with graphite terminals and with a low pressure of the gas. 
When the pressure is less than .7 mm., the arc appears to possess 
a form intermediate between the ordinary arc and the ordinary 
vacuum discharge. The arc here has a small drop in potential at 
the cathode similar to the ordinary arc, and also a small drop at 
the anode which is similar to the vacuum discharge. 

A possible explanation is that with the ordinary vacuum discharge 
and with the arc at sufficiently low pressure whatever positive ions 
there are going from the anode, leave it with too small a velocity 


! Paper presented at the meeting of the American Electrochemical Society, April, 1904 
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to produce any ionization by the impact. As the pressure decreases 
the velocity of the ions per unit electric force, must decrease, and 
consequently the number of ions becomes inadequate to carry the 
current. There would then be caused a large potential difference 
at the point where there was the most difficulty in carrying the 
current. This point is apparently at the anode. With this increase 
in the potential difference the velocity of the positive ions would 
soon be large enough to produce ionization by their impact. If 
this explanation is correct, the glow at the anode must be essen- 
tially the same as that caused by the ‘ Canalstrahlen.”’ 

This explanation does not indeed account for the suddenness of 
the change at the anode, when both electrodes are graphite. This, 
however, is apparently not the normal condition, since the change 
is never so sudden with other substances. 

Summary. — Experiments were performed between different kinds 
of electrodes in a vacuum and in hydrogen. With graphite termi- 
nals, it was found that with pressures less than .7 mm. the drop in 
potential at the anode became less than that at the anode, and that 
whenever a glow appeared at the anode the drop there increased 
from 6 volts to 15. There are reasons for believing that this glow 
is similar to that seen with “ Canalstrahlen.”’ 

At pressures of less than .7 mm. many of the ions appear to 
move along magnetic lines of force when in a magnetic field. 

With carbon terminals and with a pressure of .1 mm. the drop at 
the cathode was somewhat larger than that at the anode. 

With copper and iron it was found impossible to maintain an arc 
with pressures of less than about 1 mm., unless there was an oxide of 
the metal on the cathode. Experiments were performed using 
graphite for one of the terminals and various metals for the other. 
When the cathode was graphite the phenomena of the arc were 
practically independent of the nature of the anode. It was, how- 
ever, impossible to maintain an arc on a 100-volt circuit with a 
pressure of less than 1 mm. when the anode was graphite and the 
cathode any of the metals having a high melting point, such as 
platinum, iron, nickel, copper or silver. It was very easy to do so 
when the metal was one having a low melting point such as anti- 


mony, lead or bismuth. 
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With graphite terminals in hydrogen the drop at the anode was 
less than that at the cathode for pressures above 400 mm., the total 
drop being much greater than with the arc in air. Between 400 
mm. and .7 mm. that at the anode was the greater. At pressures 
less than 10 mm. the arc would start on a 500-volt circuit with- 
out bringing the terminals in contact, if they were comparatively 
warm. Under these conditions there were three distinct forms of 
the arc. 

With carbon in hydrogen the drop at the anode was much greater 
than that at the cathode. With low pressures four forms of the 
arc were here observed. 

No current could be produced by an alternating E.M.F. of 220 
volts between iron, copper or graphite terminals at any pressures. 

From the experiments it would appear that no theory of the arc 
is complete which fails to consider the chemical action occurring in 
the arc. It would also appear that the temperature of the cathode 
does not alone account for the production of ions there, and their 
production depends very largely on the melting point of the metal 
used. 

The experiments also indicate that with pressures less than about 
.8 mm. the positive ions driven off from the anode ionize by impact 
the gas about the anode, while with less pressures this does not 
occur. 

Aid was received from the Carnegie Institution in purchasing the 
apparatus used in the work and the greater part of the work was 
performed at the Physical Laboratory of Cornell University. I 
desire, therefore, to express my appreciation for this kindness both 
to the Institution for the grant and to Professor Nichols for per- 
mission to work at the Cornell Laboratory, and to Professor Shearer, 
of Cornell University, for the assistance he gave me while doing 
the work. 

COLGATE UNIVERSITY, 


February, 1905. 


aT 


No. 6.] THE AMERICAN PHYSICAL SOCIETY. 


PROCEEDINGS 
OF THE 
AMERICAN PHYSICAL SOCIETY. 
MINUTES OF THE TWENTY-EIGHTH MEETING. 


REGULAR meeting of the Physical Society was held in the Ryer- 

A son Physical Laboratory of the University of Chicago, on Friday, 
April 21, and Saturday, April 22, 1905. President Barus presided. 

In the absence of the Treasurer the Treasurer’s Report for the year 
1904 was read by the Secretary and on motion accepted. 

The following papers were presented : 

1. On the relation between the Radioactivity and Composition of 
Uranium Compounds. H. N. McCoy. 

2. The Residual e.m.f. of the Carbon Arc. G. G. Becknell. 
3. The Radius of Molecular Attraction. C. W. Chamberlain. 

4. The Relation between Potential Difference and Spark Length for 
small values of the latter. G. M. Hobbs. 

5. Short Spark Discharges. Carl Kinsley. 

6. The Influence of Electrodes upon Spark Potentials. J. E. Almy. 

7. Note on the Potential Difference required to produce very short 
sparks. J. E. Almy. 

8. Some Oddities in Lenses. A. B. Porter. 

g. On the Variation of a Capacity with Temperature. E. M. Terry. 

10. On the possible variation of Inductance Standards with Temper- 
ature. A. H. Taylor. 

11. On the Comparison of Mutual Inductances. A. H. Taylor. 

12. The Comparison of the Mutual Inductance of a pair of coils with 
the Self-induction of one of them. R. T. Herdegen. 

13. The use of the Quadrant Electrometer in Measuring Current. O. 
M. Stewart. 

14. Polarization of Standard Cells. R. R. Ramsey. 


15. Variation of Arc Spectra with the Phase of the Current producing 
them. Henry Crew and B. T. Spence. 

16. Reciprocal Relations in Diffraction. A. A. Michelson. 

17. Report of Progress in Ruling Diffraction Gratings. A. A. Michel- 
son. 


! The report is printed on p. 380. 
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18. On the Use of the Concave Mirror with Diffraction Gratings. 
A. A. Michelson. 

19. The Relative Positions of the Arc and Spark Lines in the Spectra 
of Titanium and Zinc. N. A. Kent. 

20. The Resolving Power of Quartz Prisms. H. M. Reese. 

21. The Black Spot in Their Liquid Films. E. S. Johonnott. 

22. Thermal Conductivities. F. L. Bishop. 

23. The Collapse of Tubes by External Pressure. A. P. Carmen. 

24. Abbe’s Diffraction Theory of Microscopic Vision. A. B. Porter. 

25. Surface Tension by the Method of Liquid Jets. F. R. Watson. 

26. Diffraction Fringes of Electric Discharges and of Fluid Streams. 
A. L. Foley and J. H. Haseman. 

27. On Dielectric Strain Along the Lines of Force. L. T. More. 

28. On the Dielectric Strength of Crystals. J. E. Almy. 

29. The Velocity of Ions in Gases from Colored Flames. (By Title. ) 
Percival Lewis. 

30. The Kerr Effect in the Infra-Red Spectrum. L. R. Ingersoll. 

31. The Phosphorescence of Sidot Blend. E. L. Nichols and Ernest 
Merritt. 

32. Infra-Red Emission Spectra of Gases in Vacuum Tubes. (By 
Title.) W. W. Coblentz. 

33. Atther Drift and the Rotary Polarization Test. D. B. Brace. 

34. On a test of Anomalous Dispersion by means of Channeled Spec- 
tra. D. B. Brace. 

35. The Absorption and Refraction of Carbon. H. A. Clarke. 

36. Experiments on the Flow of Electricity in Metals under Changes 
of Pressure. C. B. Thwing. 

37. Note on Fleeting and Persistent Nuclei in energized, dust free 
Air. (By Title.) Carl Barus. 


Adjourned. 
ERNEST MERRITT, Secretary. 
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Subscriptions to the Physical Review, 245% ... . $ 736.50 
Subscriptions to Science Abstracts, 231. . . “oe 346.50 


Andrus and Church for printing and supplies os 71.31 


No. 6.] THE AMERICAN PHYSICAL SOCIETY. 381 


J 
Drafts. and collections on checks , , 3-05 
Expenses of Committee on Notation (W. F. Magie) 22.20 
Expenses of Office of the Secretary , 86.73 
Expenses of Office of the Treasurer . <a 20.20 
kk Kee Bien $1,286.49 
Balance carried forward to 1905 1,625.12 
$2,911.61 
Income : 
Interest on balance . ; $ 54.50 
Interest two life fees , 3.50 
Annual dues, 232% . oe ee . 1,162.50 
Oe we es . . $1,219.50 $1,219.50 
CE ks 6 ne 1,264.29 
Apparent annual deficit . $45.79 


N. b. The apparent discrepancy between the number of dues paid and 
the subscriptions to the journals is due to paying back subscriptions and 
to present obligations. 

Wma. HALLOCK, 
Treasurer. 


THE RELATION BETWEEN RADIOACTIVITY AND COMPOSITION 
OF URANIUM COoMPOUNDs.' 


By H. N. McCoy. 


I. To determine the /ofa/ activity of unit mass of a uranium compound 
the absorption of the rays by the active substance itself must be taken 
into account. It has been found possible to determine the coefficients of 
absorption of the a rays for several pure uranium compounds. This was 
done by measuring, electrically, the activity of wform films of the 7 
compounds varying in thickness from 0.001 to 0.05 mm. ‘The prepara- 
tion of such films required special methods. ‘The observed activity 
reached a maximum for the thickest films. If x is the ratio of the ac- 
tivity of any film to the maximum activity of a (thick) film of the same 
substance ; then 

3 Pe 
ad 7 -r— x’ 
where s = area of film, w= weight, d= density, 4 = absorption by 
unit thickness. Or A/d= &, = absorption by unit weight on unit area. 
k, was found to be a constant for a given substance ; but was different 
for different substances. The /o/a/ activity of unit mass, 
R = 2k, 


' Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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a = observed Maximum activity of unit area. If # = the proportion of 
Vin a compound £,/p= a constant (+ 1%) or the /ofa/ activity is 
proportional to the / content. 

II. ‘The value of £,/f for U ores was found to be a constant also. 
The latter constant was 4.17 times as great for the ores as for the pure U 
compounds. The excess activity of the ores is probably due to radium. 
The constancy of 4,// for the ores shows the ratio of U to Ra to be a 
constant. This is the result to be expected if Ra is a decomposition 
product of Y. The method above described allows a fairly accurate de- 
termination of the /ofa/ activity to be made and is thus free from the ob- 
jection that might be raised to the method first employed to test the 
theory of the origin of Ra.' 

III. A method of preparing pure U,O, to serve as a standard of radio- 
activity was described. 


RELATION BETWEEN P.D. AND SPARK-LENGTH FOR SMALL VALUES 
OF THE LATTER.’ 
By GLENN M. Hosss. 


Spgs one spherical and one plane electrode of brass, the curve 

expressing the relation between sparking potential (plotted as 
ordinates) and sparking distances (plotted as abscissz) was as follows : 

As distances diminished the P.D. was found to fall in a straight line 
curve until it reached 350 volts. The curve then ran parallel to the axis 
of abscissz till the distance between the electrodes was about 2.5 » when 
it dropped abruptly toward the origin. The sparking distance at which 
this latter change of direction occurred was found to vary with the material 
of which the electrodes were composed between the limits 1.5 » and 3 xz. 


THE INFLUENCE OF ELECTRODES UPON SPARK POTENTIALS.’ 
By JoHN E, ALmy, 


HE very considerable differences in the ‘‘ cathode-fall’’ of various 
metals shown by the observations of Warburg, Mey and Skinner, 
suggested the possibility that spark potentials may depend upon the 
metal of the electrodes used. Various attempts to establish the truth of 
this inference have been without success. 

Since hydrogen shows much greater differences in ‘‘ cathode-fall’’ than 
other gases it seemed advisable to look for the effect of electrodes upon 
spark potentials in that gas. The ‘‘anode-fall’’ being sensibly constant 
for most metals, the differences to be expected would be essentially those 
due to difference of ‘‘ cathode-falls.’’ E 

1 McCoy, Berichte d. Chem. Ges., July, 1904. 

2 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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The method of experiment used, shows only the variations of the dif- 
ference between ‘‘ cathode-fall,’’ and ‘‘ anode-fall’’ with the different 
metals ; for if c and a equal the ‘‘ cathode-,’’ and the ‘‘ anode-fall,’’ re- 
spectively, the quantity measured in any case was a difference namely : 


’ 


(¢— a,) _ (¢.— a,)- 


[7.¢.,¢, + @,—(¢, + 4,) =¢,—a,— (¢,—a,)]. 


Two electrodes of different metals form a spark gap in hydrogen ; the 
spark potential for a certain spark gap was measured first with one metal 
as negative electrode, then with the other metal negative, the difference 
between the spark potential in the two cases represents the difference : 


(¢, — @4,) — (¢, —4@,). 


Electrodes having radius of curvature of ro cm. mounted in a tube filled 
with hydrogen at atmospheric pressure, were illuminated by an electric 
arc through a quartz window to eliminate ‘‘lag.’’ A static machine and 
static electrometer, later a storage battery and Weston voltmeter were 
used to measure spark potentials. 

A difference in the spark potential depending upon the material of the 
electrode was obtained, a difference independent of the spark length 
but depending to some extent upon the pressure of the gas, and upon the 
amount of moisture present. This difference gradually decreases with 
continued sparking, but returns to maximum value upon repolishing the 
electrodes, the decrease of the difference being, probably, due to the 
carrying over of the metal of one electrode to the surface of the opposite 
one. 

The increments of the spark potential in volts in hydrogen with other 
metals as negative electrode, over that when aluminium forms the nega- 
tive electrode are as follows : 


Cathode Metal. Pt Cu Ni Fe Zn 

ECHR WHR SEMIS MINING ooiiccicccccectscssccsscncesens 62 41 30 26 _ 

Increments with storage battery........ .........s000 53 33 19.5 16 

Maximum increment with storage battery... ...... 56 38 31 | 22 17 
Minimum Spark Potentials. — Evidently the so-called minimum spark 


potentials, at least in so far as they refer to hydrogen, have definite sig- 
nificance only when the nature of electrodes used is specified. The 
minimum spark potentials for different combinations of electrodes in 
hydrogen, were determined, with gas pressure ca. 735 mm., at 20° C. 
It is of interest to compare the values obtained with the ‘‘ cathode-fall’’ 
of Warburg, and the ‘‘ anode-fall’’ given by Skinner. 
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Minimum Spark Potential in Hydrogen (in Volts). 


Metal. Pt Cu Fe Zn Al 
Cathode-fall in hydrogen......... 300 230 230 213 190 
Anode-fall in hydrogen ........... 18 19.5 20.3 20 20 

{ IE distiiaiicsdccnnnneda 230 230 249 235 237 
Pe I iid conecanens coves 286 265 279 252 238 
ree 56 35 30 17 
as cathode ........... Micaiccans 255 245 283 
mee Or WOOD. 0... sic cece. iis 285 266 290 
ia cance 30 21 7 
hea cathode........ oe eae 268 280 
Oe Re ig cacowuieessena-ue 286 295 
( difference ......... pane alate’ 18 15 
NRE ad dissin dadadowe 270 
Re Oe III Species ccckeanscsecei 285 
AS enere 15 


It is perhaps worth note, that the cathode effects are approximately 
additive, just as voltaic potentials, for example, 


(Pt — Cu) + (Cu — Fe) + (Fe — Zn) + (Zn — Al) 
= 15 +15 +7+17= 54 Volts, 
whereas, 
Pt — Al = 56 volts. 


SoME ODDITIES IN LENsEs.! 
By ALBERT B. PORTER. 


1. Convex Lens of Infinite Focal Length.— The theory of thick lenses 
shows the focal length of a convex lens to be 
2 


fu il ; r , 
a#—t 2r—(n—1)d 
where ¢ is the radius of the curved faces, 7, the refractive index, and d, 
the thickness of the lens. The focal length is positive or negative, 7. e. 
the lens is convergent or divergent, according as d is less or greater than 
2ur/(n—1). If d= 2nr/(n—1), the focal length is infinite. Such a 
lens is neither divergent nor convergent, but gives inverted virtual 
images without magnification. With glass for which 7 = 1.5, this con- 
dition is secured by making d= 6r. Such a lens was shown. 
2. Convex Lens of Variable Thickness and Focal Length.—By mount- 
ing two nearly hemispherical glass lenses at the ends of a telescopic tube 
! Abstract of a paper presented at the Chicago meeting of the Physical Society April 


21, 1905. 
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filled with a liquid of the same refractive index as the glass, a lens of 
variable thickness is obtained. By shortening or extending the tube the 
focal length may be made positive or negative at will. Such a lens was 
shown. 

3. Chromatic Lens.—Hemispherical cavities are ground and polished 
in one side of each of two glass plates. ‘The spherical cavity, which 
results when these plates are put face to face, is filled with Canada bal- 
sam thinned down with benzene and carbon bisulphide. If the liquid 
mixture has the same mean refractive index as the glass the resultant 
lens is strongly divergent for red light, strongly convergent for blue 
light, and acts like flat glass for some intermediate wave-length. Various 
focal lengths can be obtained by varying the composition of the mixture. 
When the radius of curvature is about three millimeters and the focal 
length is infinite for red light, it is less than 10 cm. for violet. These 
chromatic lenses are renarkably sensitive to temperature changes ; a rise 
of less than 15° C. may cause a strongly convergent lens to become as 
strongly divergent. The color effects are very striking. These lenses 
are useful for demonstrating chromatic aberration. Examples of such 
lenses were shown. 

4. Chromatic Telescope.—One of these chromatic lenses of moderately 
short focus may be used as the object glass of a small telescope. Such a 
chromatic telescope gives a sharp monochromatic image of the filament 
of an incandescent lamp. This image changes in color as the telescope 
is focussed, and is always surrounded by a halo of the complementary 
hue. ‘The draw tube of such a telescope could be graduated for making 
rough measurements of wave-lengths in bright line spectra. Chromatic 
telescope shown. 

5. Lens Giving Rotating Image.— When a cylindrical convex lens and 
cylindrical concave lens, of properly chosen focal lengths, are super- 
posed with their axes crossed, the system gives an undistorted image of 
distant objects when it is held at a certain distance from the eye. If the 
lens system is rotated in its own plane, the image also rotates, but with 
an angular velocity twice as great. The image given by this system of 
lenses is peculiar in that it is a purely visual combination of two astig- 
matic images, one real the other virtual, one lying behind the lenses, 
the other in front. ‘The image can neither be projected on a screen nor 
viewed through a telescope ; it can been seen by the naked eye merely 
because of the short focus, and consequent depth of focus, of the eye. 
Rotating-image lens shown. 
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On AssBe’s DIFFRACTION THEORY OF MICROSCOPIC VISION.! 
By ALBERT B. PORTER. 


HE theory was stated in the following form. Ifa lens is to produce 
TT a truthful image of an illuminated object it must have an aperture 
sufficient to transmit the whole of the diffraction pattern produced by the 
object ; if but part of this diffraction pattern is transmitted, the image 
will not truthfully represent the object but will correspond to another 
(virtual) object whose whole diffraction pattern is identical with that 
portion which passes through the lens ; if the structure of the object isso 
fine, or the aperture of the lens so narrow, that no part of the diffraction 
pattern due to the structure is transmitted by the lens, then the structure 
will be invisible no matter what magnification be used. 

It was shown that, in the case in which the object is a diffraction grat- 
ing ruled with alternate opaque and transparent lines, the character of 
the image given by a lens of any aperture can be completely determined 
by means of Fourier’s theorem. Curves were drawn showing the theo- 
retical distribution of light in the images of variously ruled gratings 
formed by lenses of different apertures. ‘These curves indicated that the 
images of certain gratings formed by lenses of certain apertures would 
contain false lines, in some cases dark, in others bright. These predic- 
tions were verified experimentally by using gratings ruled on smoked 
glass. 

It was pointed out that, owing to these diffraction phenomena, a mi- 
croscopic image may sometimes be profoundly modified by the presence 
of structure lying entirely beyond the focal plane. ‘This was verified ex- 
perimentally by means of two superposed transmission gratings whose 
ruled surfaces were two or three millimeters apart. A microscope was 
focussed on the upper surface and monochromatic illumination was used. 
With an objective of narrow aperture the image was normal in light of 
every wave-length but one ; when this critical wave-length was used the 
image was completely obliterated. With an objective of wider aperture 
the image was again normal except in light of the critical wave-length ; 
when illuminated by light of this color, the number of lines in the image 
doubled. These results were shown to be in exact agreement with theory. 

It was shown that the theory applied to macroscopic as well as to 
microscopic vision, the apparent difference being merely due to the special 
methods of illumination commonly employed with the microscope. A 
method was described by which the experiments shown with Abbe’s dif- 
fraction plate and a microscope can be repeated with a piece of wire 
gauze and the naked eye. 

The equations which were used indicate that any opacity grating ruled 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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with ~ lines per unit length can be considered to be formed by the 
superposition, on.an imperfectly transparent surface, of a series of simple 
gratings ruled with #, 2”, 3, gn, etc., lines perunit length. The imper- 
fectly transparent surface is responsible for the central image, while each 
of the simple gratings gives rise to the spectra of one order. The proper- 
ties of simple gratings were discussed in connection with their [micro- 
scopic images. It was shown that this analysis made it easy to design 
Opacity gratings presenting any required anomaly. As an experimental 
verification of one deduction from the theory of simple gratings a photo- 
graphic grating was made which, on account of the varying amount of 
blurring of the lines, showed spectra of several orders near one edge and 
spectra of but one order near the other. ‘This grating was then used to 
secure a further verification of the diffraction theory of images. 


THE RELATIVE POSITIONS OF THE ARC AND SPARK LINES OF THE 
SPECTRA OF TITANIUM AND ZINC.' 
By N. A. KEnNr. 
HE variability or invariability of the wave-lengths of the lines of the 


spectra of arc and spark in the air at normal pressure is yet an un- 
settled question. 


In 1902 Exner and Hascheck stated that some lines of the spark 
spectrum of titanium exhibit a considerable shift as compared with the 
same lines in the arc, a shift even as great as 0.13 t. m. in one instance. 

In 1903 the:authorof the present paper made a careful experimental study 
of the question. No such large shift was discovered, but it was shown 
that in all probability the wave-lengths of certain lines of the Ti spark 
spectrum are sensitive to various conditions of the electric circuit — such 
as the amount of capacity, self-induction and ohmic resistance employed, 
and the presence or absence of an auxiliary spark-gap in series with that 
under investigation. The instrument used was a ten-foot Rowland 
grating. It seemed advisable to use greater dispersion. Hence the 
present work was undertaken. During its process Eder and Valenta have 
published a paper in which they state that neither in the case of pure zinc 
nor brass wire do the lines of the zinc spectrum studied by Exner and 
Hascheck show any shift. They attribute the results of these investigators 
to a photographic displacement of the center of gravity of the lines due 
to over-exposure — the lines in question being those which exhibit very 
strongly the phenomenon of unsymmetrical broadening ; and they sug- 
gest also the possibility of a pseudo-shift due to poor focus. The con- 
clusion drawn by Eder and Valenta is that, at minimum photographic 
exposure, the coincidence of arc and spark line is perfect. Moreover 


1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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Middlekauff has lately studied certain lines of the iron spectrum and finds 
no shifts under the conditions employed. 

In the present investigation the aim of the author was to confirm his 
former results with titanium using greater dispersion and then to turn to 
the actual lines studied by Exner and Haschek, and Eder and Valenta. 

The entire grating mount, camera-box included, is of metal (iron, steel 
and brass) and is supported by rubber disks on brick piers. ‘The slit 
mechanism is in contact with the supporting channel beams only. ‘The 
camera shutter is supported from the floor. Great care has been taken 
in regard to focus, temperature changes, accurate adjustment of the in- 
strument, elimination of mechanical shifts, etc. The length of the lines 
of the grating (a 21-foot Rowland, concave) has been diminished by 
cutting down the vertical aperture to less than 2 cm. ‘This process, 
together with stopping down the slit-length, so much reduces the astigma- 
tism in the second spectrum that the tips of the spectral lines may be seen 
in the field of the filar micrometer used in measurement. We thus avoid 
a shift due to over exposure, for, by setting the cross-hair upon the tip 
of the spark image where it is just visible to the eye, we are certainly 
making use of minimum exposure conditions. 

The results at present writing are as follows: Shifts occur under con- 
ditions which give great disruptiveness and involve a large amount of 
energy. ‘These shifts approximate under certain conditions 0.05 t. m. 
for Ti 4 3900 and 0.07 for Zn (battery terminals) 4 4810. Brass wire 
under the same conditions gives a spectrum the lines of which show almost 
no shift. 

Duplicate plates taken under similar conditions agree remarkably well, 
almost up to the average error of measurement of the same line on any 
one plate (approximately 0.005 t. m.). The results of the author’s 
former investigation as far as touched upon atthe present time are fully 
confirmed. It is difficult to see how we can avoid the conclusion that 
shifts do exist under certain conditions. 


THe Brack Spot 1n THIN Liguip Fivms.' 
By E. S. JOHONNOTT. 


N some previous work on this subject (Phil. Mag., Vol. 47, p. 501) 
| it was found that the black film, in general, consisted of two por- 
tions. That first formed varied in thickness between 40 wu and 12 wp. 
This film was found to break into the second black of apparently con- 
stant thickness, 6». The second black could only be produced by 
heating the first or exposing it to a drier atmosphere. 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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It was recently discovered that great changes in character of the films 
could be produced by varying the pressure of the atmosphere surround- 
ing the films. (1) A sudden increase in the pressure was accompanied 
by a rapid thinning, and (2) a sudden diminution in the pressure by a 
correspondingly rapid increase in thickness. 

On subjecting the first black film to a sudden increase in pressure it 
was possible to convert it quickly into a second black ; if then a sudden 
diminution in pressure followed, the second black became converted into 
a first black and this continuously into even the yellow of the first order. 

‘The evident interpretation of these effects is that adiabatic compres- 
sion is accompanied by an increased vapor pressure and evaporation from 
the surface of the film ; while, on the other hand, adiabatic expansion 
causes a diminution in the vapor pressure and condensation on the film. 

In view of these circumstances it was thought advisable to repeat the 
former work using a greater number of films and a different form of the 
interferometer. 

The results olfained, for the first black film, confirm those previously 
taken. However, it was found that the second black, quite often, showed 
as high a value for the mean thickness as 9 wv, dropping very quickly to 
a mean value of about 642. No further reduction in the value of the 
thickness could be produced by a sudden increase in the pressure, even 
when accompanied by a rapid rise in temperature. 

Viewing the films with the microscope it was found possible, under 
proper conditions, to distinguish as many as five black films. These 
break, one into another, in the same manner as black films ordinarily 
are formed, each succeeding film being apparently thinner. The first 
three formed, however, are quite evanescent and seldom extend over an 
elevation greater than two or three millimeters. The fourth and fifth 
films formed are identical with what has been termed above the first 
and second black films, respectively. 

It is hoped that it may be possible to obtain photographs of this con- 
dition as often times all five films are in the field of view at the same time. 


REPORT OF PROGRESS IN RULING DIFFRACTION GRATINGS, ' 
By A. A, MICHELSON, 


HE principal elements upon which the operation of this ruling 
‘TT engine depend are the following : 

1. The accuracy of the screw is tested by the interferometer. 

2. The errorsof run and the periodic errors thus found are corrected 
by grinding with pressure locally applied. 

3. The residual errors are automatically corrected by compensating 


1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
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devices which act on the worm which turns the screw ; and the compen- 
sation is varied in such a way as to correct the varying errors in different 
parts of the screw. 

4. The grating carriage floats on mercury so that only one tenth of 
the weight rests on the ways. 

5. Only one of the three way-surfaces need be accurately straight, and 
this accuracy is secured by the use of the interferometer. 

6. The ruling diamond is not pivoted but is attached to the ruling 
carriage by flexible copper strips. 

7. The temperature is regulated by a thermostat. 

The interferometer tests showed that the residual errors of the screw 
were of the order of a tenth of a light wave ; and the resulting gratings 
(which may be fourteen inches in length) should have a resolving power 
of 500,000 in the third spectrum, and the ghosts should not be objec- 
tionable even in the fourth spectrum of a grating with 700 lines to the 
millimeter. 

At present attention is given to the ruling carriage, the imperfections 
of which have prevented the attainment of this order of accuracy. 

However, a grating of four inches has been ruled (which will be 
open to inspection) which shows everything which can be seen with the 
six-inch Rowland grating. 

It would appear from past experience that the efficiency of gratings 
ruled by the present methods does not increase as rapidly as the length 
of the ruled surfaces — or to put it in another way, it is more difficult to 
make a long screw than a short one of the same degree of accuracy ; so 
that if the hope of a grating with a resolving power of a million is ever 
to be realized (experiments on visibility, and also results obtained with 
the echelon show structure which would require this resolving power) it 
will probably be by some other plan. 

Two such plans have been devised, one of which is thus far only on 
paper. The machine which embodies the second is near completion, and 
will be tested in a few weeks. 

The first plan contemplates the use of four (or more) screws, whose 
motions by a simple system of levers are communicated in succession to 
the grating carriage, thus diminishing in the same proportion the una- 
voidable errors of each. 

The second plan dispenses entirely with screws. The motion of the 
grating is affected by the rise of mercury in four accurately ground cylin- 
ders. The grating support floats on the mercury and is otherwise prac- 
tically free, so that during the motion it remains parallel to itself and 
requires no guiding ways. The level of the float is raised by dropping a 
fixed quantity of mercury (by means of a valve of special construction ) 
into a tube which communicates with the cylinders. Some preliminary 
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experiments with the mercury valve showed that the successive weigh- 
ings of twenty drops differed from the mean by quantities of the order of 
one hundred thousandth. 


UsE OF THE CONCAVE MIRROR WITH DIFFRACTION GRATINGS. ' 
By A. A. MICHELSON, 


HERE seems to be an impression that the use of the concave mirror 

with diffraction gratings is impracticable on account of the aber- 

ration resulting from the fact that the central ray cannot coincide with 
the axis of the mirror. 

In the disposition actually employed for testing gratings no such diffi- 
culty arises, and the images obtained are practically perfect. 

The light from the slit is totally reflected by a prism in the eyepiece 
and proceeds to the concave mirror (ten inches diameter and ten feet 
focal length) which renders the pencil parallel. The parallel beam 
falls on a grating which is immediately in front of and just below the eye- 
piece. The diffracted parallel beam is again returned to the concave 
mirror whence it proceeds to form the spectral image in the focus of the 
eyepiece. 

RECIPROCAL DIFFRACTION PHENOMENA. ' 


By A. A. MICHELSON, 


iy is shown theoretically that if V is the motion at the surface of the 
light-wave which coincides with the diffracting screen of a tele- 
scope, and if JV is the resulting diffraction pattern at the focus, then, 
reciprocally, if WW is the motion at the diffracting screen the resulting 
diffraction pattern will be V/. 
This is illustrated experimentally. 


THE DIELECTRIC STRENGTH OF DOUBLE-REFRACTING CRYSTALS. 
By JoHN E, ALmy. 


“HE dielectric strength of various solid dielectrics seems to bear no 
simple relation to any of the other physical properties of those 
substances, with the possible exception that in substances of like charac- 
ter — different kinds of glass, for example —the dielectric strength is 
greatest in those having the least electrical conductivity. 

The dielectric strength of crystals was measured to test the existence 
of a possible relation between dielectric strength and the optical proper- 
ties of such media. 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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Plates of quartz, selenite, aragonite, and Iceland spar were used, the 
dielectric strength being determined by the method previously used (cf. 
Ann. der Phys., Bd. 1, Ser. 1V., p. 508) by theauthor. The plates of 
quartz were cut normal, and parallel, respectively, to the optic axis of 
the crystal; plates of selenite obtained by simple cleavage; plates of 
aragonite were cut parallel to the plane of the optic axes, and normal to 
the bisector of the acute angle between the axes, respectively, and plates 
of spar cut normal to the optic axis, parallel to the axis, and parallel to 
the faces of the crystal, respectively. 

In the case of quartz the dielectric strength is clearly greater (as is 
also the electrical resistance at 300° C.) in the plates cut parallel to the 
optic axis. In none of the other crystals is there a clearly shown differ- 
ence in the dielectric strength depending upon the direction of the dis 
charge. 

The observations are as follows: 

Selenite 
Thickness of plate(cm.): .01 .009 .92 .02 .038 .04 .044 .05 .053 


Spark potential(C.G.S.): 38 30 59 68 107 102 108 126 135 
« & — (cale.): «33-31 56 «56 «(97.4 102 111 125 132 


Quartz (plates cut parallel to the optic axis) : 


Thickness (cm.) : .006 .016 .017 .030 .032 .037 .020 
Potential (C.G.S.): 40 96 90 117 120 125 102 
a (calc. ): 75 91.4 93 114.5 118 126 98 
Quartz (plates cut normal to the optic axis) : 
Thickness : -0045 .008 .015 .028 .030 .039 .020 
Potential : 30 at 59 87 90 117 76 
- (calc.): 33 42 58.5 89.7 93 115.6 71 
Aragonite (plates cut parallel to plane of axes) : 
Thickness : .07 .075 .095 10 11 
Potential : 76 72 109 81 111 
és (cale.): 76 79 93 96 106 
Aragonite (plates cut normal to plane of axes) : 
Thickness : 035 .043 .055 .060 .075 .080 .080 .097 .105 
V (observed) : 51 62 64 67 85 81 87 91 85 
V (cale.) : 53 58 66 696 79.5 83 83 94 99 
Iceland Spar: 
Plates cut normal to axis: Plates parallel to axis : 
ZT: .045 .045 .071 .070 .103 .109 -045 .065 .066 .070 
V: 87 102 100 120 125 130 73 95 113.104 
Plates parallel to faces of crystal : 
es .046 .070 .082 -087 
at: 103 lll 120 125 





——— aie - 





No. 6.] THE AMERICAN PHYSICAL SOCIETY. 393 


For each substance, excepting possibly the Iceland spar, the spark 
potential, ’, may be expressed as a linear function of the thickness of 
plate, 7, that is— 

V =aT+ 4, where a and 4 are constants, characteristic of the sub- 
stance. The values of these constants obtained, together with other con- 


stants, are as follows: 


a b m (for D Line.) Electr. Con- 
ductivity r1oo°. 

ON sestennes <oek aaa teas 18800 10 1.57-1.61 27° 10-*! 
Ouartz { cut II to axis....... 1650 65 1.544 ( 1 ordinary ) 
7 ee Coe 2400 22.5 1.544-1.°553 11x10_" 
Selenite .......... 0 occceccecvcccs 2300 10 1.520-1.530 
Aragonite (averages)......... —660 30 1.53-1.685 
Iceland spar (averages)...... 635 65 1.48-1.65 2.40*10—'® 


On THE COMPARISON OF MuTuAL INDUCTANCES.' 


By A. H, TAYLOR, 


flaw same alternating current is sent through the primaries of the two 

pairs of coils, and across the secondary giving the higher E.M.F. 
ance be made up of two parts, é 
mutual inductance of this pair of coils, then the E.M.F. over 7, may be 
made to balance the E.M.F. of the secondary of the second pair of coils. 
Or, 


is placed a very high resistance—5,000 to 100,000 ohms. If this resist- 
r,and r,, and AZ is the coefficient of 


Mr 
(7) = wf, 
i 


where JZ, is the coefficient of the second coil. Balance can be obtained 
with a telephone, but a higher order of accuracy may be attained with an 
alternating current galvanometer. For instance, for a mutual inductance 
of .035 millihenry the order of precision is about 0.1 per cent., while for 
as small a mutual inductance as .co2 millihenry (the Tesla coil of a wire- 
less telegraph sender, primary four turns, secondary two hundred turns) 
consecutive settings with different resistances for 7, and 7, agree to about 
2.5 percent. For higher inductances, of the order of a few millihenries, 
the order of precision is very nearly that of the resistance boxes used, 
?. é@., .O1 per cent. 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 
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On THE PosSIBLE VARIATION OF INDUCTANCE STANDARDS 
WITH TEMPERATURE. ' 


By A. H. TAYLOR. 


HE standard variable inductance examined was of the familiar Ary- 
ton Perry type, consisting of two coils wound on portions of con- 
centric spherical mahogany frames. 

It was thought that temperature variations might produce unequal ex- 
pansions in different portions of the wooden frames and so alter the con- 
figuration of the coils as to produce an appreciable difference between 
inductance values when used at different temperatures. 

The inductance Z in series with a capacity C was placed in one arm of 
a bridge whose other three arms were ohmic resistances. The inductance 
had a resistance ~, and was shunted with a resistance #, while the ca- 
pacity was shunted with a resistance 7, very nearly equal to &. ‘The 
two proportional arms of the bridge were made equal and &, was the 
resistance required to balance the arm containing Z and C for steady cur- 
rents. Then an alternating current at 60 cycles was applied to the bridge 
and balance obtained with an alternating current galvanometer. ‘The 
inductance Z is given in terms of the capacity as closely as the resis- 
tances may be known by the equation 


_rc(R+n) 
— r+ R— R, 


With high bridge resistances, 110 volts A.C. across the bridge, and 
fixed &, 7,, R,, r, and C, a change of s5}5, inthe inductance could be 
noted by placing on the rotating top of Z a mirror to be used witha 
telescope and scale two meters distant. The inductance Z was placed in 
a wooden box, balance obtained, and the scale reading taken. ‘The 
temperature of the box was raised 10° C., the bridge balanced again and 
a new scale reading taken. Change in 7, due to this change in tempera- 
ture was compensated. The standard was tested in three positions of the 
rotating coil, eight hours being allowed for the standard to assume the 
temperature of the box. 

The results were in all cases practically negative. At least it is safe to 
say that for this standard, as probably for others of the same type, the 
variation of inductance with temperature is less than z5}55 per degree 


centigrade. 


1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 


21, 1905. 
2A. Trowbridge, On the Differential Transformer, PHys. REv., February, 1905. 
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On THE VARIATION OF A CAPACITY WITH TEMPERATURE.' 


By E. M. TERRY. 


} 


[ 7 SE of the alternating current galvanometer in high precision meas- 
) urements of inductance and capacity was first made by Stroud and 
Oates.’ ‘The instrument is of the D’ Arsonval type, except that the field 
is built up of laminations of soft iron and wound to be used on the 110 
volt alternating circuit. 

The difficulty in manipulation lies in the fact that a closed coil of wire 
suspended in an alternating magnetic field takes upa position of great 
stability in the position in which its axis is at right angles to the field. 
Stroud and Oates overcame this by placing upon the coil another closed 
coil at right angles. 

Since, however, a lagging current in the coil makes it take a position 
with its axis at right angles to the field, while a leading current, one 
with it parallel to the field, the author has found that by properly adjust- 
ing the conductivity and capacity across the coil, it may be made prac- 
tically astatic. 

Two capacities were compared by the bridge method using the alter- 
nating current galvanometer, with a drop of 220 volts across the bridge. 
The ratio of the capacities could be determined to .o1 per cent., which 
was the limit to which the resistances could be depended upon. How- 
ever, by keeping the resistances practically constant and shunting across 
a small part of one of them, a change in one of the capacities of the order 
of 1 part in 100,000 could be easily detected. 

The temperature coefficient of each part of a subdivided condenser was 
obtained working between 16° C. and 33° C. It was found to be neg- 
ative and to vary between .o1 per cent. and .03 per cent. per degree for 
the different parts. 


INFRA-RED EMISSION SPECTRA OF VACUUM TUBEs.' 
By W. W. COBLENTz. 


ERETOFORE the dispersed radiation from a vacuum tube has never 

been extensively investigated. The only exception to this state- 

ment is the work of Runge and Paschen * who, using a bolometer, exam- 
ined the infra-red of helium (Cleveite gas) for spectral series lines, and 


1 Abstract of a paper presented at the Chicago meeting of the Physical Society April 
21, 1905. 

2Phil. Mag., Dec., 1903. 

3 Runge and Paschen, Astrophys. Jour., 3, p. 4, 1896. 
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the work of Drew' who using the writer’s apparatus examined the emis- 
sion spectrum of air incidentally with his efficiency investigation. 

Angstrém ” measured the total radiation from vacuum tubes and remarks 
that to do so is a difficult matter, so that after dispersing the radiation 
the task is well nigh impossible. He found that the total radiation 
increases, while the luminous radiation decreases, with increase in press- 
ure of the gas, and concluded that there are two kinds of radiation pres- 
ent during the electrical discharge, viz., ‘‘ regular’’ and ‘‘ irregular’’ 
(luminescence). After noticing the present results it will become ap- 
parent that his predictions are in remarkably close agreement with 
observed facts. Ferry * found that for certain lines of Vand //, which 
he studied, at constant pressure the intensity is proportional to the cur- 
rent and with constant current the intensity increases with decrease in 
pressure. Langenbach* obtained similar results, except that with con- 
stant current the intensity passes through a maximum for decrease in 
pressure of the gas. 

All the infra-red lines predicted by our spectral series formulz end in 
the short wave-lengths just beyond the red. ‘The present investigation 
deals with the question of the presence of lines beyond this point. At 
the December meeting of the Physical Society attention was called to the 
fact that no lines were found beyond 2 » and that, for the metals in the 
arc, the oxides emit sufficient radiation to obliterate any weak lines that 
may be situated beyond this point. ‘The vacuum tube radiation does 
not contain that of the oxides, hence adapts itself readily to this work 
provided one has a sensitive apparatus to measure the changes in temper- 
ature. ‘The radiometer used in the preceding work was remodeled and 
made unusually sensitive. In fact it is the most sensitive radiometer yet 
constructed, being 52 times that of the Boys’ radiomicrometer. The 
vacuum tube consisted of a glass tube 1 cm. internal diameter and 15 cm. 
long, the ends of which were enlarged sufficiently to contain cylindrical 
electrodes 3 cm. in diameter. The radiation passed axially through one 
of these electrodes, through a rock salt window, into the spectrometer slit 
of o.8cm. length. The following gases were examined: CO, CO,, NH,, 
H, O, N and the vapors of C,H,OH and H,O. They were introduced 
from the gas-pipettes through a barometric column of mercury. 

In the preliminary work, an emission band was found at 4.75 » for all 
gases except H and H,O. After eliminating all traces of CO,, this band 
was not found in any gas except C,H,OH, CO, and CO. Since the radi- 
ation from this band is much more intense for CO than for CO, it is quite 


1 Drew, Puys. REv., 17, p. 321, 1903. 

2 Angstrim, Wied. Ann., 48, p. 493, 1893. 
3Ferry, PHys, REV., 7, p. 1, 1898. 

* Langenbach, Ann. der Phys., 10, p. 789, 1903. 
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probable that it is due to the former gas. The CO, dissociates at high 


temperatures and since, the ‘‘ electrical temperature ’’ is high’ and since 
the pressure is low, one would expect to find the CO, almost entirely dis- 
sociated. The absorption band of CO, occurs at 4.28» and that of CO 
at 4.59. Paschen found that the CO, emission band shifts toward the 
CO band with rise in temperature, being at 4.4 in the bunsen flame. 
One reason for undertaking the vacuum tube radiation was to test the 
question whether this shifting is due to dissociation. For the vapors of 
Na, K and Li in the arc, a band was found at 4.53 z. 

Of the gases studied, only H and N have appreciable radiation near 
the visible spectrum. For N the bands are very intense (deflections as 
great as 20 cm.) and the important maxima at .75, .go and 1.06 » agree 
with those found in air, by Drew. In air these bands are very weak. 

The bands at .53, .66, .75, .go, 1.06 and 4.75 ~ were examined for 
constant current and varying pressures, and vice versa. ‘The current 
varied from .or to .o25 ampéres. The band at 4.75 » behaves in an en- 
tirely different manner from all the rest. Its intensity increases with 
increasing pressure (for constant current) but never reaches a maximum, 
becoming quite asymptotic at 5 to 6mm. pressure. On the other hand, 
the other bands increase in intensity with increase in pressure, become a 
maximum at about 2 mm. pressure, then decrease in intensity with a 
further increase in pressure, which agrees with observations in the visible 
spectrum. All lines increase in intensity with increase in current as 
found in the visible spectrum. Condensers in parallel had only a slight 
effect in increasing the intensity due to an increase in the current through 
the tube. 

The whole shows that the bands near the visible spectrum are related 
to the visible bands of nitrogen and hydrogen, while the 4.75 » band is 
of an entirely different type. 

The following tentative explanation is offered for these two very dif- 
ferent kinds of radiation. It seems the most plausible one of a number 
that present themselves. Consider the lines near, and in, the visible 
spectrum. At higher pressures the electrons will not attain a high speed 
and their freedom of motion will be limited; at a lower pressure their 
freedom of motion will be greater, the number of impacts will be more 
frequent and the ‘‘ electrical temperature,’’ which is proportional to the 
mean square of the ionic speeds, will attain a maximum. At a still 
lower pressure, due to the scarcity of ions, the impacts decrease in num- 
ber, in a given time, and the electrical temperature decreases. 

On the other hand, the band at 4.75 » appears to be due to a thermal 
radiation, excited by the impact of electrons with the gas molecules 


'Stark, Elektricitét in Gasen, from consideration of the kinetic energy of the electron, 
computes an electrical temperature of some 6000°. 
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which will grow warmer and in colliding with other molecules, on ac- 
count of their temperature, will emit heat waves. With increase in 
pressure (7. ¢., number of gas molecules) the number of collisions will 
increase, the intensity of radiation will increase, but will not pass 
through a maximum as is true of the other bands. 

Whether this band is due to a thermal or an electrical excitation of 
the molecules is not known. Its behavior can be explained on either of 
these two assumptions. There are several reasons for believing that the 
radiation is thermal, although we know nothing about the temperature 
of the tube. First, the gas must be hotter than the tube ( Warburg, also 
Drew, /oc. cit. ), for, during the passage of the current the radiation tan- 
gential to the axis of the tube is probably different from the longitudinal, 
and the cell walls assume the temperature of the gas only after the cur- 
rent has passed for some time. Second, the distribution of the temper- 
ature is very different for different pressures. At a high pressure the 
constricted portion of the vacuum tube is the hotter, while at low pres- 
sures it is quite cool, and the region surrounding the electrodes is the hot- 
ter. ‘Third, the emission increases with pressure (equivalent to an in- 
crease in thickness of the emitting layer) and approaches a limiting value 
just as in the case of a black body. Paschen' has found for CO, in a 
brass tube heated by a bunsen burner, that a column 7 cm. long emitted 
and absorbed the band just as strong as a column 33 cm. long, 7. ¢., it 
behaves like a column of infinite thickness ; it radiates and absorbs like a 
black body. In the present work a tube of CO,, 1 cm. diam., 15 cm. 
long, heated to about 100° gave a deflection beyond the end of the scale for 
a// pressures, showing that the black body radiation is the stronger. ‘This 
would indicate that if the 4.75 » band were ‘‘ irregular ’’ (call it electro- 
thermalescence) rather than thermal then its intensity ought to be 
greater than that of the black body (the tube of CO,, heated externally) 
at the same temperature. 

In the present work we cannot find the absorption, and only that 
part of the Kirchhoff law which refers to the emission can be considered. 
Here, for a pressure of 5 to 6 mm. the CO, emission already approaches 
a fairly constant value. This shows that the radiation of a layer of 
thickness @x, situated at the end of the tube farthest from the spectrom- 
eter slit, is almost entirely absorbed by the intervening layers before it 
passes into the spectrometer slit. The emission band of CO at 4.754 
is more intense than that of the hot tube, except at the lowest pressures 
when the hot cell gave very large deflections, which at first thought 
would make it appear as though the band were due to electrical rather 
than to thermal excitation. From the work of Warburg and of Drew the 
temperature of the axis of the tube is at least 250° C. 


1 Paschen, Wied. Ann., 51, p. I, 1894. 
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The question of the dissociation of CO, is still more difficult to con- 
sider. Beginning with CO, at a pressure of 1.5 mm. and adding oxygen 
in small quantities until the pressure was 4 mm. no change in intensity 
of the CO, band was observed, except possibly at the very first. This, 
however, proves nothing, since the slight amount of CO formed on add- 
ing oxygen would hardly be sufficient to increase the radiometer deflec- 
tions more than the variations in the readings for the original CQO,,. 

In other words, we must begin with a larger quantity of CO,, and add 
the O before passing the discharge. Then compare the radiometer de- 
flection for the mixture with that obtained for CO,, at the same pressure. 
This is a problem that needs further attention. 

The decrease in infra-red radiation and the simultaneous ¢crease in the 
visible radiation, with decrease in pressure, explains the rise in efficiency 


2? 


of vacuum tubes. 

In conclusion it does not seem out of place to emphasize the fact that 
no lines have been found beyond 2 » (except the 4.75 » band which does 
not behave like the visible lines), as already noticed at the December 
meeting. 


DIFFRACTION FRINGES FROM ELECTRIC DISCHARGES AND FROM 
FLuip STREAMs.,! 


By ARTHUR L, FOLEY AND JosEPH H. HASEMAN, 


A‘ open-ended rectangular wood box or tube about.15 x.15 x 4m. was 

arranged to telescope into a similar box, both painted dead black. 
At one end of the tube was placed a diaphragm with apertures of various 
sizes, the one generally used being .o1 cm. in diameter. ‘The other end 
of the box was provided with a camera back and plate-holder. The 
aperture was illuminated by an arc lamp, a prism being used to get ap- 
proximately monochromatic light. ‘The needles, etc., were placed near 
the end of the smaller tube and their distance from the plate varied by 
telescoping the tubes. 

The needles were fixed with their axes parallel and with their points 
toward one anotherand from.5 to 3 cm. apart. ‘They were insulated and 
connected to the terminals of a Wimshurst machine driven at any desired 
speed by means of a motor and reducing gear. 

The usual diffraction fringes were obtained when the needles were 
uncharged. When charged there were fairly distinct fringes about the 
path of the discharge between the two points. Fringes were obtained 

1 Abstract of a paper presented at the Chicago meeting of the Physical Society on 
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from both visible and invisible brush discharges, and from rapid spark 
discharges. 

The needles were replaced by a glass tube with the end drawn toa 
capillary, and various gases and vapors were forced through the tube. 
CO,, ether, bromine, illuminating gas, H, and hot air streams gave defi- 
nite diffraction fringes, both inside and outside the geometrical shadow. 
Calculation from measurements of the width of the fringes shows that such 
streams act as if they had very definite edges or boundaries, even at a 
distance of several cm. from the orifice. 

The effect of ball and point discharges, of high and low potentials, of 
discharging in different gases, and of varying the density, pressure, and 
temperature of the gas and vapor streams, will be published soon. Work 
on liquid streams is now in progress. An attempt will be made to apply 
the method to the study of other types of fluid motion. 


EXPERIMENTS ON THE FLOW OF ELECTRICITY IN METALS UNDER 
CHANGES OF PRESSURE. ! 


By C. B. THWING. 


BAR of the metal, 4, is connected by a fine wire, a, of the same 
A metal to one pair of quadrants of a sensitive electrometer. 4 is 
enclosed in a straw jacket and heated to 100°, while @ is at the tempera- 
ture of the room. When 4 is heated the electrometer is charged nega- 
tively. When 4 is cooled the electrometer is charged positively. 
If A is enclosed in a stout tube of steel, insulated in oil, and hydro- 
static pressure applied, the charge obtained is + and for pressures of 
10-20 atmospheres, is in the case of some metals as much as .1 volt. 


1 Abstract of a paper presented at the Chicago meeting of the Physical Society on 
April 21, 1905. 
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rays of radium, 782, 
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Dichroism, circular, in natural rotary solu- 
tions, McDowell, 163. 

Dielectric strength of double-refracting 
crystals, Almy, 391. 

Diffraction gratings, progress in ruling, 
Michelson, 389. 

Diffraction theory of microscopic vision, 
Abbe’s, Porter, 786. 


E. 

Ebert and Weidemann, Physikalisches | 
Prakticum, 192. | 

Eddy, H. T., Electromagnetic theory and | 
the velocity of light, 793. 

Electrical conductivity and gas consump- 
tion, relation between, in the ordi- 
nary gas flame, 7u/ts, 786. 

Electric waves, tuning of thermoelectric re- 
ceivers for, Cole, 268. 

Electrodeless ring discharge, theory of, 
Davis, 129. 

Electrodes, influence of, upon spark poten- 
tials, A/my, 382. 

Electrodynamometer, absolute, the torque 
between the two coils of, Patterson, 
300. 

Electrolytic rectifier, theory of, Cook, 772. 

Electromagnetic theory and the velocity of 
light, Eddy, 793. 

Electrometers, sensitive quadrant, A/c Len- 
nan, 174. 

Elmén, G. W., Electric double refraction 
in carbon disulphide at low poten- 
tials, 54. 

Expansion, coefficients of, at low temper- 
ature, Shearer, 52. 

Expansion, coefficients of linear, at low 
temperature, Ayres, 38. 

Expansion of nickel at its critical temper- 
ature, coefficient of, Randall, 85. 

Expansion of quartz, coefficient of, Ran- 
dall, ro. ‘ 


FP. 
Fenner, R. C., Heat of vaporization of 
liquid air, 77. 
Specific heat of air at low temper- 
atures, /72. 
Films, aluminum anode, capacity and re- 


sistance of, Gordon, 128. 





Films, thin liquid, black spot in, Johonnot, 
388. 

Foley, A. L., Diffraction fringes from 
electric discharges and from fluid 
streams, 399. 

Fluorescence, new phenomena of, forse, 
122. 


G. 

Gas action, elimination of, in experiments 
on light pressure, /u//, 788, 292. 

Gases, infra-red, absorption spectra, Co- 
bientz, 273, 338. 

Gases, infra-red emission spectra of, in 
vacuum tubes, Cod/entz, 395. 
Gases, natural, excited activity from, /ohv- 

som, 177. 

Gases, various, conduction losses from car- 
bon filaments when heated to incan- 
descence in, Hartman, 322. 

Gas flame, ordinary, relation between elec- 
trical conductivity and gas ‘con- 
sumption in, 7u/ts, 186. 

Gordon, C. M., Capacity and resistance of 
aluminum anode films, 728. 
Gratings, diffraction, progress in ruling, 

Michelson, 389. 

Gratings, diffraction, use of concave mirror 

with, Afichelson, 391. 


H. 

Hall, E. H., Thomson thermoelectric co 
efficients in soft iron, 773. 

Hartman, L. W., Conduction losses from 
carbon filaments when heated to 
incandescence in various gases, 722. 

Haseman, J. H., Diffraction fringes from 
electric discharges and fluid streams, 
399- 

Heat of vaporization of liquid air, Fenner 
and Richimyer, 77. 

Heat, specific, of air at low temperatures, 
Shearer and Fenner, 172. 

Hebb, T. C., Velocity of sound, 89. 

Hobbs, G. M., Relation between poten- 
tial difference and spark-length for 
small values of the latter, 782. 

Hull, G. F., Elimination of gas action in 
experiments on light pressure, 788, 
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Inductances, comparison of, with great 
precision, Zaylor, 151. 
Inductances, mutual, comparison of, Zay- 
lor, 393: 
Inductance, standards, possible variation 
of, with temperature, Zaylor, 394. 


J. 
Johonnot, E. S., Black spot in thin liquid 
films, 788. 
Johnson, L. B., Excited activity from na- 
tural gases, 777. 


K. 
Kent, N. A., Relative positions of the arc 
and spark lines of the spectra of 
titanium and zinc, 387. 


L. 
Lehmann, Otto, Frick’s Physikalische 
Technik, 63. 
Lenses, oddities, in, Porter, 784. 
Light pressure, elimination of gas action in 
experiments on, Hud/, 188, 292. 
velocity of and electromagnetic 
theory, Eddy, 793. 
Liquid air, heat of vaporization of, /en- 
ner and Richtmyer, 77. 
Liquid films, thin, black spot in, Johonnot, 
388. 
Luminescence of Sidot blende, 


Light, 


Nichols 
and Merritt, 120. 

Luminous efficiency of the carbon filament, 
Mendenhall, 160. 

Lyman, T., Gas spectra in the region of 
extremely short wave-lengths, 720. 

Magnetic field, arc in, Chi/d, soo. 

Magnetic susceptibility of water, Wid/s, 
188. 

Magnetism, earth’s, present shrinkage of, 
Bauer, 126. 

McCoy, H. N., Relation between radio- 
activity and composition of uranium 
compounds, 787. 

McDowell, M. F., Circular dichroism in 

(Note 

printer’s errors, corrected by note to 


natura] rotary solutions, 763. 


be bound so as to face p. 170. ) 
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| McLennan, J. C., Sensitive quadrant elec- 
trometers, 774. 
Mendenhall, C. E., Luminous efficiency 
of the carbon filament, z6o. 
Ring-Pendulum method for the abso- 
a" ae. 
Merritt, E., Luminescence of Sidot blende, 


lute determination of ‘‘ g 


120. 

Michelson, A. A., Progress in ruling dif- 
fraction gratings, 789. 

Use of concave mirror with diffraction 


gratings, 797. 
Reciprocal diffraction phenomena, 797s. 
Microscopic vision, Abbe’s diffraction 


theory of, Porter, 386. 
Miller, D. C., Laboratory Physics, 62. 
Mirror, concave, use of, with diffraction 
gratings, 
Morse, H. W., 
escence, 


Michelson, 391. 
New phenomena of fluor- 


122. 


N. 

Nichols, E. L., Ames’ General Physics, 63. 
Frick’s Physikalische Technik, 63. 
Luminescence of Sidot blende, 720. 

Nickel, coefficient of expansion of, at its 

critical temperature, Randal/, 85. 

Nodes of a bar vibrating laterally, Rich- 

ards, 126. 


P. 


Palmer, A. de F., Jr., Optical determina- 
tion of the zero point in the tele- 
scope-mirror-scale method, 337, 

Patterson, G. W., The torque between the 
two coils of an absolute electrody- 
namometer, 700. 

Pendulum, Kater, proper distribution of 
mass in, Richards, 125. 

Pendulum method, ring, for the absolute 
determination of ** g,’’ AZendenhall, 
126. 


Physical Society, Abstracts, 775, 172, 379. 
Physical Society, Minutes, 775, 772, 379. 
Pierce, G. W., Resonance in wireless tel- 
egraph circuits, 779, 220. 
Porter, A. B., Abbe’s diffraction theory 
of microscopic vision, 786. 
Some oddities in lenses, 784. 
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Potential difference and spark-length, re- 
lation between, for small values of 
the latter, Hobbs, 782. 

Potentials, low, electric double refraction 
in carbon disulphide at, Z/mén, 54. 

Pressure, equilibrium, of a vapor at a 
curved surface, Bacon, 7. 

Pressure of sound waves, apparatus to 
illustrate, Wood, 173. 


Q. 

Quartz, coefficient of expansion of, Randal/, 
10. 

R. 

Radioactivity and composition of uranium 
compounds, relation between, J/c- 
Coy, 381. 

Radium, secondary radiation excited in 
different metals by the y rays of 
Dawes, 182. 

Randall, H. M., Coefficient of expansion 
of nickel, at its critical temperature, 
8&5. 

Coefficient of expansion of quartz, zo. 

Raymond, E, B., Alternating Current 
Engineering, 190. 

Rectifier, electrolytic, theory of, Cook, 372. 

Refraction, electric double, in carbon di- 
sulphide at low potentials, Z/mén, 
J54- 

Resistance of selenium cells, effect of 
pressure on, Brown, 185. 

Resonance in wireless telegraph circuits, 
Pierce, 119. 

Richards, H. C., Nodes of a bar vibrating 
laterally, 725. 

Proper distribution of mass in the 
Kater pendulum, 725. 

Richtmyer, F. K., Heat of vaporization of 

liquid air, 77. 


Saunders, F. A., Arc spectra of magnesium, 
zinc and cadmium, 777. 

Selenium cells, effect of pressure on the 
resistance of, Brown, 185. 

Shearer, J. S., Note on coefficients of ex- 
pansion at low temperature, 52. 





Specific heat of air at low tempera- 

tures, 772. 

Solutions, natural rotary, circular dichroism 
in, McDowell, 163. 

Sound, velocity of, Hebé, 89. 

Waves, pressure of, Wood, 113. 

Spark and arc lines of the spectra of 
titanium and zinc, relative positions 
of, Kent, 387. 

Spark-length and potential difference, re- 
lation between, for small values of 
the former, Hodds, 782. 

Spark potentials, influence of electrodes 
up, Almy, 382. 

Spectra, absorption, infra-red, Cod/entz, 
273» 338. 

Spectra, arc, of magnesium, zinc and cad- 
mium, Saunders, 117. 

Spectra, gas, in the region of extremely 
short wave-lengths, Lyman, 120. 

Spectra, infra-red emission, of gases in 
vacuum tubes, Cod/entz, 395. 

Spectra, infra-red emission, of metals, 
Coblentz, 122. 
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Taylor, A. H., Comparison of inductances 
with great precision, 757. 
Comparison of mutual inductances, 
393: 
Possible variation of inductance stan- 
dards with temperature, 79¢. 
Temperature, critical, coefficient of expan- 
sion of nickel at, Randa//, 85. 

Temperature, low, coefficients of expansion 
at, Shearer, 52. 

Temperature, low, coefficients of linear ex- 
pansion at, Ayres, 38. 

Temperatures, low, specific heat of air at, 
Shearer and Fenner, 172. 

Terry, E. M., On the variation of capacity 
with temperature, 795. 

Thermodynamic cyclic analysis, PQ plane 
for, Davis, 178. 

Thermodynamic potentials, Boynton, 259. 

Thermoelectric coefficient, in soft iron, 
Hall, 173. 

Thermoelectric receivers, tuning of, for 
electric waves, Cole, 268. 
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Thermoelectromotive force, 7hwing, 124. 
Thwing, C. B., Thermoelectromotive force, 
124. 

The flow of electricity in metals under 
changes of pressure and tempera- 
ture, goo. 

Transformer, differential, 7rowdridge, 65. 

Trowbridge, A., Differential transformer, 
65. 

Tufts, F. L., Relation between electrical 
conductivity and gas consumption in 
the ordinary gas flame, 786. 


U. 
Uranium compounds, composition of, and 
radioactivity, relation between, A/c- 
Coy, 781. 


ws 


Vapor, equilibrium pressure of, at a curved 
surface, Bacon, 7. 
Velocity of sound, Hebé, 89. 


w. 

Water, magnetic susceptibility of, W7//s, 
188. 

Water of constitution and water of crystal- 
lization, Coblentz, 252. 

Wave-lengths, extremely short, gas spectra 
in the region of, Lyman, 720. 

Waves, electric, tuning of thermoelectric 
receivers for, Cole, 268. 

Waves, sound, pressure of, Wood, 173. 

Weidemann and Ebert, Phystkalisches 
Prakticum, 192. 

Willis, A. P., Magnetic susceptibility of 
water, 788. 

Wireless telegraph circuits, resonance in, 
Pierce, 119, 220. 

Wood, R. W., Apparatus to illustrate 
pressure of sound waves, 77}. 


Z. 
Zero point, optical determination of, in the 
telescope-mirror-scale method, Pa/- 


Mer, 333- 
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P. 269, line 22. For “o mm. 


read 50 mm. 
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Note also corrections to the article by M. F. McDowell on Cir- 


cular Dichroism in Natural Rotary Solutions. In the bound vol- 


ume these corrections should appear opposite p. 170. 
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(AFTER WATERMAN) 





Write for Bulletin No. 130 








INTERNATIONAL 
INSTRUMENT COMPANY 


23 Church St., Cambridge, Mass. 





MAKERS AND DEALERS 





High Grade Scientific Laboratory 
and Engineering Apparatus 








DR. STEEG & REUTER 


Optisches Institut 


Homburg, v. d. Hohe, GERMANY 


APPARATUS AND PREPARATIONS for investiga- 
tions of POLARIZATION, Interference, Diffraction, Fluores- 
cence and Phosphorescence of light. 

FILMS OF NATURAL AND ARTIFICIAL CRYSTALS for 
studying the optical properties of crystallized bodies in 
polarized light. 

PREPARATIONS of calcspar (NICOL PRISMS), Quartz, 
Rocksalt, Selenite and Mica. 

ACCESSORIES FOR SPECTROMETERS as: Solid and hol- 
low prisms. Amici or Janssen prisms. Wernicke’s fluid 
» prisms for direct vision and deflected ray 
PLANE-PARALLEL PLATES. 





Norrenberg’s Polariscope 
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Duty Free Importation 





We import scientific instruments free of duty for colleges 
and universities from Societe Genevoise, Cambridge Scientific 
Instrument Co., Max Kohl, Carl Zeiss Optical Works, Dr. M. 
Th. Edelman, Otto Wolff, Hartmann & Braun, Siemens & 
Halske, and many other sources. 


We shall endeavor to secure your business on the basis of 
moderate prices and to keep it on the score of good service. An 
inquiry will receive a prompt reply. 





THE SCIENTIFIC SHOP 


ALBERT B. PORTER 








| Scientific Instruments 326 Dearborn St., Chicago 








Elements of Electromagnetic Theory 
By S. J. BARNETT, Ph.D., Assistant Professor of Physics in the 


Leland Stanford Jr. University. 480 pp., 8vo, $3.00 net 
(postage 20 c.) 
‘’The numerous references to original memoirs and advanced treatises mate- 
rially add to the value of the work for the really serious student. The 
closing chapters, on convection and displacement currents, flux of 
electro-magnetic energy, and electric waves, put the student in a posi- 
tion to read with profit the modern theories of light and of disturb- 
ances in the ether in general. The work has long been needed and is 

a welcome addition to our literature on mathematical physics.”’ 
E. B. W., in the American Journal of Science. 





THE MACMILLAN COMPANY, Publishers, 64-66 Fifth Av., New York 








MODERN THEORY OF PHYSICAL PHENOMENA 
RADIO-ACTIVITY, IONS, ELECTRONS 


Authorized Translation by 
AUGUSTUS TROWBRIDGE, 
Professor of Mathematical Physics 
in the University of Wisconsin. 


Cloth, 12mo, $1.10 net (postage oc. ) 


By AUGUSTO RIGHI, 
Professor of Physics in the 
University of Bologna. 





THE MACMILLAN COMPANY, Publishers, 64-66 Fifth Avenue, New York. 
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A New D’Arsonval Galvanometer 
ns a ae 


Can be mounted on wall or tripod as desired. The instrument is provided with 
a glass front, so that the entire inner mechanism is exposed. This may be readily 
removed, and the coil with its suspensions are accessible, 








—— es 


GENTIFIC Co. 
= = 

















The Suspensions are of phosphor bronze and are not so/dered, but are held in 
place by a special clamp. This feature increases the life of the suspension, and with 
the elimination of the suspension tube makes it possible to rapidly replace broken 
suspensions or change coils 

The Coil is wound on a closed frame of pure copper, making it practically 
deadbeat. Unless otherwise specified a coil of 240 ohms will be supplied. The five 
ohm coil may be chosen at the same price 

Sensibslity. With suspension of medium weight one volt through 10,000,000 ohms will give a deflection of 
5 1m. at a working distance of 4% meter with light suspension same deflection through 100,000,000 ohms 

Zhe Mirror is 13mm _ in diameter and optically plane. 

Telescope. Objective 18 mm. diameter, with platinum cross hairs and with special mount, which may be 
readily detached from instrument when not in use. 

The Scale is 50 cm long with adjustable zero in the middie. The figures on one s'‘de are red and the other 


black. 











PRICES 
2416. Galvanometer with Reading Telescopeand Scale - .. ..... «seeeeese Net, £20.00 
2418. Galvanometer with Tripod . . ...... > dais ee ee i ae 17 50 
2420. Tripod only with leveling screws re ee, Te obese 64486 6 & ‘ aisle. 3.00 
2424. Coil, 5 ohmswith suspension . . ; ‘ ‘ 7 = 3.50 


Correspondence solicited in regard to supplying High Grade Apparatus for Physical Laboratories. Special 
apparatus built to order. Catalogue ‘‘M”’ of 300 pages of Physical Apparatus sent free upon application. 


CENTRAL SCIENTIFIC COMPANY, 14-28 Michigan St., Chicago, U.S.A 


Manufacturers and Importers of Scientific Apparatus 


hae Yale & | owne 
Me | riplex Blocks 


have a wide field of ap- 
plication. Everywhere 
used they save hard work 








and expense, as indicated 





in the picture. Twice as 
powerful as any other hand hotst, they soon save their 
cost, and compare favorably with power hoists in speed and 
economy, while retaining the convenience of the hand hast. 





Made in 14 sises--tllustrated catalog shows many of their applications. Write us 





THE YALE AND TOWNE MANUFACTURING CO, 
9 MURRAY STREET, NEW YORK 
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Diffusing Reflectors 


A New Departure Secures Increased Efficiency 





IVE broader illuminated area 

than any other. Secure soft- 
tened light, agreeable appearance, are 
white on outside, may be tinted to 
modify tone of light. Combine effec- 
tiveness of prismatic type with dif- 
fusive action of porcelain type, retain 


~ aa 


NEB 


Hi 


: 2 | 3 
4} || 
‘tf 


RRA PN ONS . agreeable appearance of latter, whilst 
M avoiding obtrusiveness of former. 
o 
Used in 


All Rapid Transit 
Subway Stations 


“ ILLUMINATING ENGINEERING CO, ~ 


281 East Sixteenth Street, New York City 











E. L. ZALINSKI, Consulting Engineer on Illumination, Etc. 
Refers to C. C. Haight, A. W. Brunner, Wm. H. Aiken, Architects. 




















Transformers 
FOR 


LIGHTING 
AND POWER 


. Wireless. . 
.. Telegraphy 


Electrochemical 
.. Work 


Btc., Sic. 


AMERI@CAN 
TRANSFORMER 
COMPANY 


™ NEWARK, N. de 











-.-FOR., 
ANY TEMPERATURE RANGE 


from 500°C. to the highest 
known temperatures 


THE FERY 
RADIATION PYROMETER 


IS ACCURATE, 
PORTABLE and CHEAP 


Write / x List No. 30R, Post Free 


SOLE AGENTS 
for U.S.A., United Kingdom & Colonies 


The Cambridge Scientific 
Instrument Co. Lid. 


CAMBRIDGE, ENGLAND. 











CROMPTON POTENTIOMETER SYSTEM. 
BIFILAR ADJUSTMENT HEAD OF REFLECTING GALVANOMETER 








Nt 647 
A descriptive pamphlet will be sent on application to 
CROMPTON & Co., LIMITED, 


CHELMSFORD, ENGLAND 
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PUBLICATIONS OF 
THE AMERICAN MATHEMATICAL SOCIETY 








Bulletin of the American Mathematica! Society 


The Audletin contains a large number of critical reviews of mathematical 
treatises and text-books, a complete monthly list of new mathematical publica- 
tions, notes on current events in the mathematical world, addresses before 
mathematical societies, reports on progress in various branches of the science, 
and many short original articles. 


Published monthly, except August and September. Annual subscrip- 
tion, $5.00. 


Transactions of the American Mathematical Society 


The Zyransactions is devoted primarily to research in pure and applied 
mathematics, and is the official organ of the Society for the publication of 
important original papers read before it. 


Published quarterly. Annual subscription $5 oo. 





THE MACMILLAN COMPANY, 66 Fifth Ave., New York. 





THE JOURNAL 


PHYSICAL CHEMISTRY 


Edited by 
WILDER D. BANCROFT JOSEPH E. TREVOR 


PUBLISHED AT CORNELL UNIVERSITY 
IssueD Every MONTH EXCEPT JULY, AUGUST AND SEPTEMBER 


PRICE, FOUR DOLLARS PER YEAR 


SAMPLE Copy SENT ON APPLICATION 





FHE JOURNAL OF PHYSICAL CHEMISTRY 
ITHACA, NEW YORK 
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APPLICATIONS OF... 


THE KINETIC THEORY 


TO GASES, VAPORS, PURE LIQUIDS, 
AND THEORY OF SOLUTIONS 


By WILLIAM PINGRY BOYNTON, Ph.D. 


Assistant Professor of Physics in the University of Oregon. 


CONTENTS: 


Introduction — Idea] Gases — Gases Whose Molecules Have Dimensions — 
Transport Problems — Change of State — Equation of Van Der Waals 
— Vaporization — Molecules Within a Liquid — Solutions — Kinetic 
Theory of Solutions — Dissociation and Condensation — Summary — 
Index. 


Cloth, 10 + 288 pp. 12mo, $1.60 net (postage 13c.). 





The Macmillan Company,!Publishers,64-66 Fifth Av., N.Y. 











HARTMANN & BRAUN, A.-G. 


Frankfort-on-Main (Germany) 








Manufacturers of 


Electrical, Magnetic and Optical Measuring 


te 


Instruments 








FOR ALL PURPOSES 


HIGHEST ACCURACY 


FIRST-CLASS WORKMANSHIP 


DEAD-BEAT MoOviING ColiL GALVANOMETER 


WiTH Reaoina TeLtescope ano SCALE 
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THREE INDISPENSABLE ELECTRICAL BOOKS 





Testing of Electro-Magnetic Machinery 
and other Apparatus TO BE COMPLETE IN TWO 


VOLUMES 


By BERNARD VICTOR SWENSON, lxiversity of Wisconsin, 
AND 


BUDD FRANKENFIELD, E.E., evvs¢ Lamp Company. 
Volume lI. Cloth, 8vo. $3.00 net (postage 18c.). 


The field covered by the present volume is that of direct-current electro- 
magnetic machinery and apparatus, and the book is almost exclusively con- 
fined to dynamo-electric machinery. The text refers in numerous places to 
various books and publications so as to make the book serviceable in connec- 
tion with any first-class college course. This also adds to its value as a refer- 
ence book. Volume II., in preparation, will deal with alternating-current 
machinery, etc. 


‘*It is a book which can be thoroughly recommended to all students of elec- 
trical engineering who are interested in the design, manufacture, or use 
of dynamos and motors . . . A distinct and valuable feature of the 
book is the list of references at the beginning of each test to the prin- 
cipal text-books and papers dealing with the subject of the test. The 
book is well illustrated and there is a useful chapter at the end on com- 
mercial shop tests.’’—Nature. 





EBy HENRY M. HOBART | The Insulation of 


Electric Motors Electric Machines 


Continuous Current Motors By HARRY W. TURNER 
and Induction Motors, Their Associate A. I. E. E. 
Theory and Construction. 

and HENRY M. HOBART 
458 pp., 8vo, illustrated, $5 M.f. E. E., Mem. AT. E. E. 


@ ° ° y ‘s B’Jartes 1 , ¥9 > 
‘Readable, useful, and indispens- | 4¥¢hor of ‘* Electric Motors,”’ etc. 
able to electrical engineers who are 

working along the same lines.”’ With 162 Illustrations. 


—Engineering News. 2097 pp. cloth 8vo, $4.50. 
‘* Probably the most complete and 


advanced treatise on electric motors 
yet published.’’—L£vectrical Review. 


The results of twenty years of prac- 
tical work with insulating materials, 
and of careful study of their insulating 

‘*Far and away ahead of anything | properties. Probably no other prop- 
thus far published in English on the | erties of any materials employed by 
subject.’’—Amer. Electrician. engineers are so indefinite as these. 





THE MACMILLAN COMPANY, 64-66 Fifth Avenue, New York 
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SCIENCE 


A WEEKLY JOURNAL DEVOTED TO THE 
ADVANCEMENT OF SCIENCE 


EDITORIAL COMMITTEE 


S. Newcoms, Mathematics; R. S. Woopwarp, Mechanics; E. C. 
PICKERING, Astronomy; T. C. MENDENHALL, Physics; R. H. 
THURSTON, Engineering; IRA ReEMsEN, Chemistry; Cuas. D. 
Watccortt, Geology; W. M. Davis, Physiography; Henry F. 
OszorN, Paleontology; W. K. Brooks, C. Harr MERrRIAM, 
Zoology; S. H. ScupperR, Entomology; C. E. Bessry, N. L. 
Britton, Botany; C. S. Minot, Embryology, Histology; H. P. 
Bowpitcn, Physiology; J. S. Bittincs, Hygiene; Wittiam H. 


z 


J 
WE cu, Pathology; J. McKeen Carre t, Psychology. 


The past history of SCIENCE is a sufficient guarantee of its future 
usefulness. Such a JOURNAL is essential to the advance and proper recog- 
nition of the scientific work of each country, and in America where men 
of science are scattered over a great area, with no single center for per- 
sonal intercourse, it is peculiarly needful. With the growth of science 
and scientific institutions in America SCIENCE will occupy an even more 
important position than at present. It will continue to set a standard to 
the popular press in its treatment of scientific topics, to secure that general 
interest in science so essential to its material support, to enlarge the place 
of science in education and in life, and to demonstrate and increase the 
unity of science and the common interests of men of science. 

SCIENCE is published every Friday. Each number contains forty 
double-column pages of reading matter, and over 2000 such pages, making 
two large volumes, are published annually. The subscription price is only 


$5.00 per year or $2.50 per volume. Single numbers are sold for 15 cents. 


PUBLISHED BY 


THE MACMILLAN COMPANY 
66 FIFTH AVENUE, NEW YORK 














Wagner Electric Manufacturing Co. 








ST. LOUIS, U. S. A. 


e 


The most interesting and only commercially successful form of Single 
Phase Alternating Current Power Motor so far produced in this country, is 
that built by this Company. One or more of these motors should prove a very 
valuable adjunct to every College Laboratory, and we invite correspondence 
with University or College authorities on the subject. For such applications 
we are prepared to make liberal price concessions. 

We also manufacture transformers for all sorts of service, and Indicating 
Switchboard Instruments, samples of which we will be glad to place in Col- 


lege Laboratories at reduced prices. 


Have you our various Bulletins, descriptive of these lines? 


Factory and General Offices: St. Louis, U.S. A. 


. SCHOO! Science and Mathematics... 


A MONTHLY JOURNAL FOR ALL SCIENCE 
AND MATHEMATICS TEACHERS 


Bright, Inspiring, Practical 


articles on the teaching of science and mathematics. 


Short, Newsy, Helpful 


notes on the progress in science and mathematics. 


Novel, Suggestive, Illustrated 
descriptions of apparatus, experiments, 
laboratory equipment and plans. 


Six Departments — Biology, Chemistry, Earth Science, Mathematics, 
Metrology, Physics. 
All teachers of these subjects are asked to become subscribers. 
School Science is the Official Organ of many science and mathematics Associations. 


Published October to June inclusive. $2.00 per year, 25 cents single copy. 


Address all communications to 


440 Kenwood Terrace, Chicago, Ill. 
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The Astrophysical Journal 


AN INTERNATIONAL REVIEW OF SPECTROSCOPS AND 
ASTRONOMICAL PHYSICS 


EDITED BY 


GEORGE E. HALE and EDWIN B. FROST 


of the Verkes Observatory 


WITH THE COOPERATION OF 


‘Tue LeavinG ASTROPHYSICISTS OF THE UNITED STATES AND Evrope 


CHICAGO 
Zhe Gniversity of Chicago Press 


LONDON: Wm. Wes.tey & Son 
Published every month except Subscriptior Price 
February and August Domestic, $4.00; Foreign, $4.75 








The American Naturalist 


A Monthly Fournal Devoted to the Natural Sciences 
in Their Widest Sense 


Since its foundation in 1867 by four of the pupils of Louis Agassiz, THE 
AMERICAN NATURALIST has been a representative American magazine 
of Natural History and has played an important part in the advancement of science 
in this country. 

The journal aims to present to its readers the leading facts and discoveries in 
the fields of Anthropology, General Biology, Zodlogy, Botany, Paleontology, 
Geology, and Mineralogy, and the various subdivisions of those subjects, 


Annual Subscription, $4.00 net in advance. Single Copies, 
35 Cents. Foreign Subscription, $4.60 





IMPORTANT SCIENTIFIC BOOKS 


BERGEN’S MILLIKAN’S 
Foundations of Botany Mechanics, Molecular 

YOUNG’S Physics, and Heat 
Manual of Astronomy McGREGORY’S 

MILLER’S Manual of Qualitative 
Laboratory Physics Chemical Analysis 





GINN & COMPANY, Publishers ” Soston macs 
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Standard Text-Books on General Physics 





ANDREWS and HOWLAND.—Elements of Physics. By Ernest J. An- 
DREWS, Instructor in Science in the Robert A. Waller High School, Chicago, and 
H. N. HowLanp, Instructor in Physics in the South Division High School, 
Chicago. Including a Manual of Experiments. 439 pp. Cloth, 12mo, $1.10, met. 


SLATE.—Physics: A Text-book for Secondary Schools. By Freperick 


SLATE, University of California. Cloth, 12mo., $1.10, met; postage, I2c. 


CAJORI.—A History of Physics. In its Elementary Branches, including the Evo- 
lution of Physical Laboratories. By FLORIAN Cajori, Ph.D., Professor in Phys- 
ics in Colorado College, Author of ‘‘ A History of Mathematics,’’ ‘*‘ A History of 
Elementary Mathematics,”’ etc. Cloth, Cr., 8vo, $1.60, met; postage 15 cts. 


CREW.—The Elements of Physics for Use in High Schools. By Henry 
Crew, Ph.D., Northwestern University. 
Second Edition, Revised. Cloth, $1.10, met; postage 12 cts. 


CREW and TATNALL.—A Laboratory Manual of Physics. 


(Companion to the above ) 90 cts. 


CHRISTIANSEN.— Elements of Theoretical Physics. By Proressor C. 
CHRISTIANSEN, University of Copenhagen. Translated by W. F. MaGig, Ph.D., 
Professor of Physics, Princeton University. Cloth, 8vo, $3.25, ef; postage 17 cts. 


MATTHEWS and SHEARER.—Problems and Questions on Physics. by 
CHARLES P. MATTHEWS, M.E., Purdue University, and JOHN SHEARER, B. S., 
Cornell University. 8vo, cloth, pp- 247 + 4, price, $1.60, met; postage 13 cts 


STEWART.—Lessons on Elementary Practical Physics. By BALrour 
STEWART, A.M., LL.D., F.R.S., and W. W, HALDANE GEE.. Cloth, 12mo. 


Vol. I. General Physical Processes. $1.50 

Vol. Il. Electricity and Magnetism. 25, - ; postage 12 cts. 

Vol. III. Partl. Practical Acoustics. 10, net; postage 9g cts. 
Part Il. Heat and Light. | Papeai n, 


, net, postage 9 etc. 
$2. 


NICHOLS.—Laboratory Manual of Physics and Applied Electricity. Ar- 
ranged and Edited by EDWARD L. NICHOLS, Professor of Physics in Cornell Uni- 
versity. In two volumes. 


Vol. I. Junior Course in General Physics. By Ernest Merritt and 
FREDERICK J. ROGERs. Cloth, 8vo, $3.00, nef; postage 15 cts. 


Vol. Il. Senior Courses and Outlines of Advanced Work. By Grorce 
S. MoLer, FREDERICK BEDELL, HOMER S. HloTCHKIss, CHAS. P. MATtT- 
THEWS, and THE EDITOR. Cloth, 8vo, $3.25, #et,; postage 15 cts. 


NICHOLS and FRANKLIN.-— The Elements of Physics. By Epwarp L. 
NICHOLS and W. S. FRANKLIN. 


Volume I. Mechanics and Heat, $1.90 wze¢,; Volume II. Electricity and Mag- 
netism, $1.yo, ze; Volume II1. Sound and Light, $1.50, se? 








A large proportion of the students for whom primarily this Manual is intended are preparing to 
become engineers, and special attention has been devoted to the needs of that class of readers 
Books published at NET prices are sold by booksellers everywhere at the advertised NET p» 
When delivered from the publishers, carriage, either postage or expressage, is an extra irge. 
THE MACMILLAN COMPANY, New York: 64-66 Fifth Ave. 
BOSTON CHICAGO SAN FRANCISCO 
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LEPPIN & MASCHE 


Engelufer 17, Berlin, S. 0., GERMANY 








sactory of Scientific Instruments 








Astatic Mirror Galvanometer 





With Bracket and Switch Board 





For Electric Light or Gas 


SET COMPLETE = - $65.50 








ee RADIUM... 


Rods with Radium in ebonite box with aluminum 
lid for physical experiments (sending out light, act- 
ing on photographic plate, on screen, on electro- 
scope and on spark micrometer). :: Each, $12.00 























A TIMELY BOOK OF INDISPUTABLE AUTIIORITY 
Brig. Gen. HENRY L. ABBOT’S 
Problems of the Panama Canal 


Including Climatology of the Isthmus, Physics and Hydraulics of the 
River Chagres, cut at the Continental Divide, and Discussions of 
Plans for the Waterway. By Brigadier General Henry L. Abbot, U. 
S. Army, retired, Late Colonel Corps of Engineers, Late Member of 
the Comité Technique and subsequently Consulting Engineer for the 
New Panama Canal Campany. 
248 pp., 12mo, with map, Cloth, $1.50 net (postage 12¢.) 


From seven years of direct study of the whole situation, Gen. Abbot is in a 
position held by no other one man to know the exact and complete truth as 
to matters connected with the construction of the best possible canal. 





THE MACMILLAN COMPANY, Publishers, 
64 & 66 Fifth Ave., NEW YORK. 

















Important Scientific Books Recently Published 


BOTTOME, S.R. Radium and All About it. 96 pp. 12mo, il., paper 35c., meZ. 


BOYNTON, William Pingry, University of Oregon. 
Application of the Kinetic Theory of Gases, Vapors, Pure Liquids, and the 
Theory of Solutions. 10+288 pp. 8vo, cl., $1.60 mel. 


DEXTER, Edwin Grant, Universtiy of Illinois. 
Weather Influences. An Empirical Study of the Mental and Physiological 
Effects of Definite Meteorological Conditions. With Introduction by Cleve- 
land Abbe, LL.D. 31+286 pp. 8vo, cl., $2.00 net. 


GIBBONS, Edward E., Universily of Maryland, Baltimore. 
The Eye: Its Refraction and Diseases. The Refraction and Functional 
Testing of the Eye, Complete in Itself, in Twenty-eight Chapters with Nu- 
merous Explanatory Cuts and Diagrams. 
9+472 pp. 4to, il., cl., $5.00 ze/, half morocco, $6.50 me/. 
HASTINGS, William W. 
A Manual for Physical Measurements. For use in Normal Schools, Public 
and Preparatory Schools, Boys’ Clubs, Girls’ Clubs, and Young Men’s Chris- 
tian Associations, with Anthropometric Tables for Each Height for Each Age 
and Sex from Five to Twenty Years and Vitality Coefficients. 
Edition for Boys and Girls. 18+122 pp. Large 4to, il., cl., $2 00 met. 
Edition for Boys. 15+95 pp. Large 4to, il., cl., $1.50 mez. 


METCALF, Maynard M., Woman’s College, Baltimore. 
An Outline of the Theory of Organic Evolution. With a Description of 
Some of the Phenomena which it Explains. 
17+204 pp. 8vo, il., cl., $2.50 eZ. 
NICHOLS, Edward L., and William 8. FRANKLIN, Cornel! University. 
The Elements of Physic. A College Text-Book. In Three Volumes. Vol- 
ume I.—Mechanics and Heat. Third edition, rewritten with additions. 
10+290 pp. 8vo, cl., $1.90 me?. 
RIGHI, Augusto, Universi/y of Bologna. Authorized Translation by AUGUSTUS 
TROWBRIDGE, University of Wisconsin. Modern Theory of Physical Phe- 
nomena. Radio-Activity, Ions, Electrons. 13+165 pp. 12mo, il., cl., $1.10 me/. 
RUTHERFORD, E., McGill University, Montreal. 
Radio-Activity. 8+399 pp. 8vo, il., cl., $3.50 mes. 


SHEARER, John 8., Corneil University. 
Notes and Questions in Physics. New edition. 
7+284 pp. §8vo, il., cl., $1.60 eZ. 
SWENSON, Bernard Victor, and FRANKENFIELD, Budd. 
Testing of Electro-Magnetic Machinery and Other Apparatus. Vol. I. 
23+420 pp. 8vo, il., cl., $3.00 mez. 
WHITTAKER, E. T., 7viniiy College, Cambridge. 
A Treatise on the Analytical Dynamics of Particles and Rigid Bodies. With 
an Introduction to the Problem of Three Bodies. 
13+414 pp. Imperial 8vo, cl., $4.00 mez. 





Postage on net books ordered of the publishers is uniformly an extra charge 


By the Macmillan Company, 64-66 Fifth Ave., N.Y. 
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